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INTRODUCTION 
Land use and availability: Uruguay i s a privil eged country 
as far a s soil availability is concerned, since 853 of its area (16 . 6 
millions hectares out of 18.7) i s actually be ing used fo r agricultural 
and livestock production. Additionally geographi c condit ions are pe-
culiarly favo r able to communication and trans porta tion. 
That s ituat i on appears more relevant whe n considered i n the context 
of Latin America as a whole , whe r e around 243 of the total area is culti-
vated or devoted to pasture. In Mexico, Cuba, El Salvador and Argentirta 
this proportion ranges be tween 50 and 60%; and in other c ountries like 
those in Centra l America , Bol ivia , Bra zil, Chil e , Peru, Ecuador and Col om-
bia the proportion i s below 253. A comparison be tween Uruguay and other 
developed countries confirms the unique ness of Uruguay ' s s i tuation . 
Tabl e 1. Use of land in Uruguay 
Thous ands of ha . Perce ntage 
1956 1961 1956 1961 
Livestock: 
Natural pas tures 13,589 13, 843 81.1 8 1.5 
Cultivated annual pastures 458 369 2 . 7 2 . 1 
Permanent pastures 150 . 9 
Stubb land 2 70 398 1.6 2 . 3 
Natural forests unde r pasture 434 4 56 2 . 6 2 . 7 
Sub-total 14, 7 51 15 , 211 88 . 0 89 . 5 
Agriculture : 
Cereal crops 1,225 965 7 . 3 5 . 7 
Oil crops 301 276 1.8 1. 6 
Miscellaneous 115 103 . 7 . 6 
Sub-total 1,641 1,344 9 . 8 7 . 9 
Forests: 
Planted forests with commercial 119 137 • 7 . 8 U used . npro uctive forest 2 48 2 97 1.5 1. 8 
Total 16, 759 16,988 1 00. 0 100 . 0 
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The role of agricultural and livestock production: Since Uruguay 
cannot expand her agricultural frontier , it i s impe rative that any in-
crease in production be due to a bette r use of the cultivated land or 
to changes in the structure of land use . The latter would consis t of 
shifting land from less intensive uses toward those uses which g ive higher 
g r oss value per unit of land. 
Basically the country has been following the second alternative but 
without the corresponding conservation practices . This implies that the 
soils have been overused and their future productive possibilities jeopar-
dized. Presently slightly more than 3 million hectares are affected by 
erosion of various degrees; this is almost 1/5 of all productive soils in 
the country. 
Livestock activities have been conducted mainl y on over fifteen 
million hectares of natural pastures. In 1955 artificial permanent pas-
tures and those with some improvements added up to 300 ,000 hectares , and 
a like amount was covered with annual pastures. Practically all natural 
pastures of Uruguay can be improved. 
The area traditionally devoted t o agricultural production has almost 
always been l ess than 1.5 million hectar es . I f we take into consideration 
the area which is suitable for tillage and annual or permanent cultivation 
even accounting for rotation requirements, the country could tripl e the 
land under cultivation. 
Climate: Uruguay is located in the t emperate zone of the southe rn 
hemisphere and it has a homogeneous climate. However, some r egiona l dif -
ferences do exist, which are due to the latitude ranging from the 30th to 
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35th parallel and to the influence of the sea in the southern part of the 
country . 
Rainfall in the period 1914-1965 showed a national average of 1071 
millimeters per year . It seems therefore, tha t there is an adequate 
availability of water for a wide range of agricultural activities common-
ly pr acticed, as well as for maintaining the pastures in good condition. 
Analysis of milk production: Production of milk increased almost 
3003 in physical terms during the last 30 years; this implies a compounded 
rate of growth of around 53 between 1935-1937 and 1962-1964 . 
The relative importance of milk in total farm production increased 
substantially as it rose approximately from 7 to 173. The land area sup-
porting dairy production g rew from 160,000 to 540,000 hectares during the 
same period . Thus the area devoted to milk production represents about 
43 of all the livestock area of the country . 
According to the importance of the various dairy regions the country 
can be divided into two l arge sectors . The first one consists of the de-
partments of Canelones, Florida, San Jose and Colonia . The milk produced 
in the first three depa rtments is s hipped to Montevideo ; most of the milk 
produced in Colonia is processed into cheese which is sold in local ma rkets 
but is finally consumed in the capital city . The s econd sector comprises 
the r est of the country, although production cluste r s around the main 
population centers whe r e there is a strong demand and where processing 
plants are in operation. 
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TilE PROBLEM 
The population of this study is constituted by farms of small to 
1 
medium size . Only the farms with dairy enterprise of a commercial level 
(that is organized for sale of milk off the farm) are included in the area 
of interest . 
Dairying, as many other farm enterprises, i s operated inefficiently 
in the area and only seldom achieves what the Extension Service in the 
area considers as acceptable levels of production . The roots of this prob-
lem are linked not only to deficient management but also to the low tech-
nology used, poor sanitary conditions, lack of capital and in many cases 
the absence of ent r epreneurship. 
Another characteristic of these farms, relative to the dairy enter-
prise, is that dairy products are often processed on the farm. Although 
some fluid milk is sold, cheese constitutes the major production; butter 
and cream are also sold. 
Most of the milk produced in the area is processed into cheese be-
cause it is the least perishable of dairy products . In many ca ses , hogs 
are produced as complementary enterprises with dairy . A problem that arises 
immediately when trying to plan the production of one area i s the market 
possibilities. Even though this study is not designed primarily to analyze 
this problem, it is important to know what are the actual market possi-
bilities for farmers of the area. Fresh milk is sold only in the two cities 
of the area to supply the local demand. 
lsmall farms are those with approximately 30 hectares, and medi um size 
those with 140 hectares . 
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several produce r s in the area, es pecia lly those wi th small fa rms who 
dedicate only pa rt of t heir time to fa rming, deliver milk in the cities a t 
the house l evel. Usual ly they not on l y sell their production but also buy 
from other farmers in the a rea. This system proba bly makes the ma rke t 
more inefficient and increases the pe r unit cost of de live r y . The same 
marketing system exists, too, for part of the cream, chees e and butter 
produced. 
Every week the r e i s an open market for cheese in th e town of Ta r ariras 
where most of the cheese i s marke t ed . As a consequence of t he processing 
of milk at the farm l evel the products resulting are ve ry heterogeneous . 
This heterogeneity is such that many times it is difficult to buy the s ame 
kind of cheese more than one time in the same place . 
The heterogeneity of product is the main barrier to increasing the 
production of the area without basic difficultie s in the market. It i s 
impossible to compete in foreign markets with a non- homogeneous product . 
The area is situated in a privileged section of the country , because 
it includes one of the few agricultural experimenta l s t a tions in t he country 
whe r e information is avai l a ble t o solve many of the most important tech-
nolog ical problems. I t also has a we ll developed road system that facili-
tates the transportation of milk during all seasons of the year for mos t 
of the area. 
When studying the area one becomes cognizant of the existence of ma ny 
diffe rent problems, but in this study only one of them will be dealt with 
and that is to find the optimum enterprise combination given the exis ting 
resources of dairy farms in the area. 
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If the production of milk in the area is going to be increas ed, it 
is necessary to pr ocess all the milk in one or more plants whe r e economies 
of sca l e and product control can be achieved. The optimum location of 
such a plant could be the s ubj ect of a separate study . 
Although several alternative e nterprises will be tested in the plan-
ning process, the analysis will also focus on diff e r e nt methods by which 
the same enterprise can be conducted such as diffe re nt cultural practices 
for the crop enterprises and different feeding plans for l ivestock . 
One of the objectives of this study i s to estimate what would be the 
supply of milk in the area if the optimum technology and practices were 
to be used. It has to be clear that we are assuming the farmers want to 
maximize profits. 
The location of the area in the study can be seen in Figure 1 . 
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Soriano 
DPpartmen t of Colonia 
Figure 1. Geographical location of the area 
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OBJECTIVES 
General Objectives 
The objectives of this s tudy a r e two fold: 1) to analyze how the 
optimum organization of da iry farms changes as capital availabili t y a nd 
product prices va r y, a nd 2) to estimate changes in the supply of milk 
forthcoming from the area under alternative capita l and product price 
l evel s . 
Specific Objectives 
The s pecific obj ect ives are : 1) to describe the area unde r study , 
2) to determine the numbe r of farms in the area that keep da iry ca tt le 
f or commercial purposes, 3) to determine the distribution of farms in the 
area by s i ze , 4) to coll ec t available data a nd make estimate input output 
coefficients , l evel of resources a nd price r e lations hips, and 5) to esti -
mate a r esource s ituation that is typical of the area. 
A more gene ral objective of this s tudy i s to make a contribution to 
farming efficie ncy in Uruguay . With this study, linear programming will 
be applied for the first time to analyze optimum patterns of fa rm organiza-
tion i n Urug uay . As a r esult of this study, hopefully, new ideas will be 
availa ble for f urthe r r esearch related to farm organization . 
9 
SOURCES OF INFORMATION 
General characteristics of the area : Much information was lacking 
at the time this study was undertaken . The only two sources of information 
were the general agricultural census of 1961 and a s urvey study conducted 
by the Interamerican Institute of Agricultural Sciences (IIAS) . The latter 
study attempted to analyze the economic situation of fa rms surrounding the 
agricul tura 1 experimental station of "La Estanzuela". The first source 
cannot be regarded as very reliab l e information because it has been demon-
strated in other areas to have substantial biases. Discrepancies between 
census data and survey information are evident in such types of est imates 
as cropping activities predominant in t he area, availability of labor and 
the distribution of farms by size groups . The second source (surveys) is 
probably more r ealistic but is limited to a small part of the area under 
study. Some of the information that was needed in this study could not 
be obtained from either source. 
Because of the lack of resources it was impossible to conduct a s ur -
vey study for all the area, and the only pos sible way of getting additional 
information was to make a direct inspection of the area . 
Much of the information about location of farms, enterprises, and 
some types of capital improvements on the farms, as well as distance of 
farms from dependable roads, has been determined by direct inspection. 
Also the limits of the area were defined more or less in this way . 
A pick-up truck was used to drive around all the area and a tape 
r ecorder was used to record all the information needed in terms of loca -
tion, road conditions a nd capital improvements . 
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Input-output coeff icie nts : The bas ic in[ ormation for input -output 
coeff icie nts has bee n obtained from the r esea r ch program of the ''Centro 
de Inves tigaciones Agricolas Albe rto Boe r ger" . Mos t of the da t a we re 
pre pared to be used in budgeting and program planning . These basic data 
were organized to be used in linear programming . 
The optimum yields obtained in research project s r elating t o live-
s tock and cropping enterprises have been decreased 30 to 403 to make them 
morecharacteristic of what would be achieved unde r fa r m conditions . 
The description of input-output coeff icients used i s given in a nothe r 
section of this s tudy . 
Number of fa rms with dairy cattle at a commercial l evel and di s tribu-
tion in the a r ea : With the information from the general agricultural 
census, the s urvey study of IIAS and dire ct inspection it was pos s ibl e 
to es timate the numbe r of farms with commercial dairy he rds . 
The area was divided into political sections (divisions s imilar t o 
townships) and the number of farms in each of them was estimated. From 
each section were excluded those farms located at more than t hree kilo-
meters f rom an all weather road. Once all the farms of the area had been 
1 is ted a nd their s i ze noted, they were divided into five g roups by s i ze . 
It can be seen in Table 2 that the groups and the numbe r of fa rms in 
each we re as follows: l ess than 29 he ctares, 141 f arms; 30 to 59 hectares , 
53 farms ; 60 to 79 hectares , 373 farms; 80 to 199 hectares, 293 fa rms and 
200 to 350 hectares , 25 farms. 
One farm was selected from each of the size groups to approximate the 
mode of each group . The group with less than 29 hectares was separated 
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from the one with 30 to 59 h ectares be cause it has been observed in pr e -
vious studies that operators of farms with l ess than 30 hectares or gan i zed 
a round the type of ente rpris es co nsidere d in this study, experience serious 
problems in subsisting. 
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ASSUMPTIONS 
Several assumptions have to be considered whe n the r esults of this 
study are applied to any r eal situation. They can be divided into two 
main categori es: 1) assumptions of the method applied, a nd 2 ) assumptions 
made in the collection of the data and other s tages of the analysis. 
As sumptions of the Method Applied 
1) Linearity: every activity c onside red in the model mus t be in the 
s tep of constant r e turns t o scale . Each additional unit of output r e -
quires exactly the same amount of r esources . For t he fa rm a s a whole , 
average and mar ginal returns vary as diffe r ent combination of enterprises 
are considered. 
2) Certainty : Prices and input - output coeffic i e nts indicate the tra ns -
fo rmation rate of resources to output a nd he nce , to r e venue . Expe cta-
tions r elating to coefficients a nd prices used in linear prog ramming a r e 
s ing l e valued . This may lead t o e rror s in tha t the price unce rtainty at-
tached to one product may be g r eater than anothe r . One e nte r pr ise i s 
treated like all othe r s even though its price uncertain ty may be gr ea t e r . 
In order to formulate price expectations it i s advisabl e t o use the 
means of pas t prices in the area . It is a lso necessary to be familia r 
with the price elasticity of dema nd fo r every activity i n order t o inte r-
pre t the solutions in case of market increases in the output of a ny product . 
3 ) Additivity : In additivity the r esults of two or more units of dif-
f e rent activities carried on simultaneously a r e additive . This mea ns the 
combined input i s the s um of the input s of the separate activities and t he 
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combined output is the s um of the outputs of the separate activities . 
4) Finiteness : Linear prog ramming assumes a limited number of r e l e -
vant alternative activities . Since linear programming makes this as-
sumption we are forced to choose a certain number of the most relevant 
activities to be include d in the mod e l. 
The most relevant activities are f r eq uently defined on the basis 
of the experience of the r esearch worker. If the situation being s tudied 
presented an unlimited number of alternatives, one would never f inis h 
describing additional activities . 
Assumptions Made in the Collection of the Data and 
in Other Stages of the Analysis 
1) The town Tarariras is the cente r of the area, and the area of 
study is limited to all farms within a distance of 50 kilometers f rom the 
center. Even though this is an arbitrary limitation it has been impos ed 
with consideration of the political boundaries and certain sociological 
and market factors which attract the farmers to that town . 
2) Due to lack of complete information with respect to natural re-
sources, all the farms a re considered to have similar soil resources . In 
the real case there are some differences in the soil type and pe rcentage 
of land on the farm available for crop production. 
3) All those farms more than three kilometers distant from an all 
weather road were excluded from the study. It has been as s umed that 
farmers not meeting that condition will be unable t o deliver milk to the 
processing plant daily. 
4) All the farmers attempt to maximize profits and will have the same 
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technical information available . 
S) Products and input prices are assumed to be constant at the 1966 
level. 
6) The optimum plan is the one r esulting in the highest money income 
even though, the goals of some farmers, can be other than to maximize net 
revenue. Non-income goals were not included in this s tudy. 
7) It has been assumed that the dairy activity on the farm cannot 
exceed the level that one man can manage with existing facilities. 
This is part of a more general assumption made in this study : the fa rmer 
will be able to reorganize the existing variable resources but cannot 
change the fixed resources, such as farm improvements . 
It is a common practice for farmers with a commercial dairy enter-
prise (especially those with farms of 250 hectares or more) to contract 
with one person to operate the dairy enterprise . For his services he gets 
part of the return. Existing facilities on these farms cannot be extended 
to provide productive employment for mor e than one such contract operator. 
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RESOURCES 
Land 
The amount of this resource per farm varies among farms, but no sub-
stantial differences can be found a mong political sections . Only in 
sections 5 and 7 are there a large number of small farms . This is due 
to the proximity of these two sections to the city of Colonia, and is 
characteristic of areas surrounding cities. The difference would probably 
be larger if a ll the farms were considered in the population because there 
would be included all the small farms dedicated to the production of vege-
tables to supply the city of Colonia located in that area . 
There is not much variation in the type of soil predominant in the 
area . For purposes of simplification a nd due to lack of precise informa-
tion no dif fe rences in soil type has been considered in the study. It 
is a common problem of the soils of the area to be l acking in phosphorus 
and crops respond well to the addition of this kind of fertilizer. 
In general the level of fertility is medium to low on most farms 
of the area, depending upon previous land use and management. It is a 
common practice in the area to plant annual crops year after year without 
conservation practices and without provision for the res toration of natural 
fertility. This fact is especially true when s peaking about units operated 
under some types of leasing arrangement. 
Agronomists recommend a cropping program which includes three years 
of pasture and one year of annual crops. This is the rotation which has 
been considered in this study . The pasture can be natural or seeded. 
1 6 
Table 2. Number of farms and distribution by s ize 
Pol. No. of Size range in hectares 
sec. farms 0 - 29 30-59 60- 79 80-199 200- 350 Total 
7 108 34 0 46 28 0 108 
9 60 18 21 0 18 3 60 
12 48 5 0 19 24 0 48 
13 168 17 0 84 59 8 168 
14 150 15 8 67 52 8 150 
15 199 34 0 105 60 0 199 
16 92 18 0 46 28 0 92 
17 60 0 24 6 24 6 60 
Total 885 141 53 373 293 25 885 
400 
300 
rn 
8 
1-4 
Cl! 200 ~ 
~ 
0 . 
0 100 
c:: 
I 
0-2 9 30-59 60-7 9 80-199 200-350 
s i ze, hectares 
Figure 2 . Freque ncy distribut i on of farms in the five s ize groups. 
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Labor 
Two types of labor resource are usually employed to operate the fa rm: 
a) family labor and b) hired labor. Family l abor usually varies with farm 
size. Large farms typically use more family labor than those of small 
size. This is due to the fact that children of families with large farms 
tend to stay on the farm instead of migrating when they reach working age. 
Several criteria can be used to determine what is the total amount 
of family labor on the farm, because it is difficult to measure how many 
hours are actually devoted to work on the farm . 
This study follows the same criteria used in previous works (21) . 
We assumed that one man works 250 days a year and each day corresponds 
to 8 hours of work . In other words, for each male adult on the farm we 
assumed 250 days work of 2,000 hours of labor per year . 
The maximum availability of family labor per year is : 3,000 man-
hours in farms of 25, 45 and 70 hectares; 5,000 in farms of 140 hectares; 
and 7,000 in farms of 275 hectares . 
Labor does not become a limiting factor in any of the optimum pro-
grams, because besides family labor, the model includes a labor hiring 
activity which allows labor to increase as long as it adds to the value 
of the program. 
Capital 
Ca pital is usually the most limiting resource on farms in Uruguay . 
A minimum availability of capital for each size of farms was assumed 
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initially as a basis for starting the analysis. Later, by means of para-
metric programming, the effects on income and the optimum mix of activi-
ties increases in the availability of capital were observed . 
There exists in the area a special type of loan for investments in 
pasture improvement. This is a medium-term loan and cannot be used fo r 
other purposes. This capital is what is considered in the restrictions 
under the name of "pasture capital". Different sources of capital are 
available to finance the direct expenses of the farm operation such as 
inputs of diff erent types, and it is difficult to get all the information 
concerning all possible sources. 
Nor do all farms of the same size have the same access to short -
term capital, but a typical situation was assumed for the purpose of 
this study. Like the pasture capital, the s hort-te rm or operating capi-
tal was set at a minimum level initially and varied in equal increments 
using parametric programming. 
The method of determining the amount of production capital needed 
for the operation of the farm was the same used in (21) . It was assumed 
that an amount of capital equal to half of the farm's annual operating 
cost had to be available at one time during the year. The basis for this 
assumption is that farmers do not have to incur all the expenses in the 
same period of the year. Some production capital is recovered through 
crop or livestock sales during the year before other commitments must 
be made. 
No capital coefficients are given for dairy enterprises . The capi-
tal needed for feed was already included in the feeding activities . The 
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small amount of capital for miscellaneous expenses is s ufficiently cover ed 
with the receipts for the daily sal es of milk. Therefore, dairy ente r -
prises do not require directly any short-term capital as defined in this 
study. 
It has been assumed that farmers have the needed facilities for the 
enterprises considered. This means that no capital for long-term invest-
ment in facilities is required. 
Management 
The level of management available is set out by the production co-
efficients of each enterprise used in this study. It is assumed that 
the fa rmer can perform the operations required by each activity. 
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ACTIVITIES 
POl Wheat growing and selling activity. The unit of the activity is 
1 hectare. 
Production: 800 kilograms of g rain per hectare . 
Land plowed, disk harrowed, spring tooth harrowed twice prior to 
planting, one application of herbicides is made . 
P02 Wheat growing and selling activity. The unit of the activity is 
1 hectare . 
Production: 900 kilograms of grain per hectare . 
The difference in the practices of this a ctivity and POl is one 
more plowing during the fall. 
P03 Wheat growing and sel ling activity. The unit of the a ctivity is 1 
hectare. 
Production: 1,600 kilograms per hectare . 
Same practices as activity P02, but includes application of fertilizer 
(40-40-0), 40 kilograms of N and 40 of P205. 
P04 Flax growing and selling activity . The unit of the activity is 1 
hectare. 
Production: 600 kilograms per hectare. 
Land plowed, disked harrowed, spring tooth har r owed twice prior to 
planting, custom harvested . The land is plowed in winter before 
seeding. 
POS Flax growing and selling activity. The unit of the activity is l 
hectare . 
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Production: 700 kilograms per hectare. 
Similar practices as for P04, but plowing in fall and using herbi-
cides. 
P06 Flax growing and selling activity . The unit of th e activity is 1 
hectare. 
Production: 900 kilograms per hectare. 
Same practices as for activity POb but using f ertilizer (40-40-0). 
P07 Corn growing and selling activity. The unit of the activity is 1 
hectare. 
Production: 700 kilograms per hectare. 
Land plowed, disk harrowe d, spring tooth ha rrowed, one cultivation 
and custom harvested. 
P08 Corn growing and selling activity. The unit of the activity is 1 
hectare. 
Production: 800 kilograms per hectare. 
Same practices as for P07, but one more disk harrowing and one more 
cultivation. No use of fertilizer is included. 
P09 Sun flower growing and selling activity. The unit of t he activity 
is 1 hectare. 
Production: 500 kilograms per hectare. 
Land plowed , disk harrowed, spring tooth ha rrowed twice, one culti-
vation and custom harvested. Seeding at the end of Octobe r or be-
ginning of November. Land is plowed before seeding and no fertilizer 
is used. 
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PlO Sun flower growing and selling activity . The unit of the activity 
is 1 hectare. 
Production : 800 kilograms per hectare . 
Land plowed, disk harrowed and spring tooth harrowed twice (the 
second spring tooth harrowing is done when the crop is 10 cm . high), 
one cultivation, one application of fertilizer (40-40-0) (40 kilo-
grams of N and 40 of P2o5). Custom harvested. 
Pll Ryegrass growing activity. The unit of the activity is 1 hectare . 
Production: 4,500 kilograms of dry matter per hectare. 
This is an annual pasture used fo r meadow during winter. Land 
plowed, disk harrowed and application of fertilizer. 
Pl2 Sudan grass growing activity. The unit of the act i vity is 1 hectare . 
Production : 3 , 600 kilograms of dry matter per hectare. 
This is an annual pasture used for meadow during sumcrer . Land 
plowed, disk harrowed, spring tooth harrowe d twice . 
Pl 3 Permanent pasture growing activity. The unit of the activity is 1 
hectare . Th.i s activity is used as meadow and lasts an estimat ed 
four years . One unit of this type of activity includes .75 hectare 
of usable crop a nd . 25 hectare of seeding for r e placeme nt . 
Production: 7,000 kilograms of dry matter per he ctare. 
Land plow, disk harrowed and spring tooth harrowed twice, application 
of fertilizer. High production during summer. 
Pl4 Permanent pasture growing activity . The unit of the activity is 1 
hectare. 
Production: 7,000 kilograms of dry matter per hectare. 
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Same practices as for Pl3, but different seed mixture . High pro-
duction in winter . 
PlS Permanent pasture growing activity. The unit of the activity is 1 
hectare. 
Production: 8 , 280 kilograms of dry matter per hectare. 
Different seed mixture but same practices as for Pl3. 
Pl6 Alfalfa growing activity. The unit of the activity i s 1 hectare. 
Production: 7,230 kilograms of dry matter per hectare. 
Same practices as for Pl3. The crop is used as meadow and hay is 
made from the excess production. 
Pl7 Alfal fa hay making activity. The unit of the activity is 1 hectare. 
Production: 2 ,981 kilograms of dry matter per hectare . This yield 
does not represent the total production of one hectare but the excess 
production which is used to make hay. 
Pl B Fertilized natural pasture. The unit of the activity is 1 hectare . 
Estimated production: 3,075 kilograms of dry matter pe r hectare. 
This activity considers only fertilization with 30 kilograms of P2o5 
of the existent natural pastures, increasing the production per 
hectare. 
Pl9 Natural pasture. The unit of the activity is one hectare. This 
activity does not include any kind of improvement . There are no 
expenses associated with it. It is used as meadow and it is pro-
vided in the program to be used in those areas where the presence of 
rocks and low level areas makes plowing impossible. 
Estimated production: 1,560 kilograms of dry matter per hectare . 
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Dairy act iv ities; The r e i s one characteristic tha t differ-cntiatcs 
these activities : the fe eding plan. The activity includes feed require-
ment s as we ll as othe r direct expenses of the complete stock of dairy 
cattle ne cessary in milk production. In other words , the act ivity con-
siders not only the milking cows , but also the dry cows, cal ves and other 
animals. 
P20 Dairy cattle growing and producing activity. The unit of the activity 
is one hectare (see Appendix A). 
Production: 2,920 liters of milk pe r hec tare . One hectare of this 
activity i s equival e nt to one cow unit (see Appe ndix A). 
Feeding plan: 1 hectare of Pl S. 
Cows are milked by machine. 
P21 Dairy cattle growing and producing activity. The unit of th.e ac-
tivity is one hectare . 
Production: l,S4S lite rs of milk per hectare . One hectare of this 
activity is equivalent to .S29 cow units. 
Feeding plan: .16 hectares of activity Pll, . 2 9 hectares of activity 
Pl2 and . SS hectares of activity Pl8. 
Cows are milked by machine . 
P22 Dairy cattle growing and producing activity. The uni t of the activity 
is one he ctare. One hectare of this a ctivity is equiva l en t to . 496 
cow units. 
Production: 1,448 liters of milk per he ctare . 
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Feeding plan: . 27 hectares of activity Pl6, . 27 hectares of activity 
Pl7 and . 73 hectares of activity Pl8. 
Cows are milked by machine . 
P23 Dairy cattle growing and producing activity. The unit of the ac-
tivity is one hectare . One hectare of this activity i s equivalent 
to . 257 cow units. 
Production: 749 lite r s of milk pe r hectare. 
Feeding plan: .10 hectares of activity Pll, . 20 hectares of activity 
Pl2 and . 70 hectares of activity Pl9. 
Cows are milked by machine. 
Beef production activities : Beef activities (P24 to P27 ) include 
a complete stock of animals necessary for the production of beef . The 
differences among activities arise from t he feeding plan. 
P24 Beef cattle raising and selling activity. The unit of the activity 
is one hectare (see Appendix A). 
Production : 312 kilograms of mea t per hectare . 
Feeding plan: 1 he ctare permane nt pas ture PlS, 1 hectare silage of 
excess production of permanent pasture P39. 
P25 Beef cattle raising and selling activity. The unit of the activity 
is one he ctare. 
Production: 121 kilograms of meat per hectare. 
Feeding plan: .73 hectares fertilized natural pasture Pl8, . 27 
hectares alfalfa Pl6 and . 27 hectares alfalfa hay Pl?. 
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P26 Beef cattle raising and selling activity. The unit of t h e activity 
is one hecta re. 
Production: 129 kilograms of meat per hectare . 
Feeding plan: . SS hectares fer tili zed natural pasture Pl 8 , . 29 
hectares sudangrass Pl2, and .1 6 hectares rye grass Pll . 
P27 Beef cattle raising and sell ing activity . The unit of the activity 
i s one hectare. 
Production: 62 kilograms of neat pe r hectare . 
Feeding plan: . 70 hectares natural pasture Pl8 , .2 0 hectares sudan-
g ras s Pl 2 and . 16 hectares rye grass Pll. 
P28 Dairy steer feeding and selling activity . The unit of the activity 
is one hectare (see Appendix A) . 
Production: 4SO kilograms of meat pe r hectare . 
Feeding plan: . S hectar es permanent pasture Pl3, . s hecta r es per-
manent pasture Pl4. 
P29 Dairy s teer feeding and selling activity . The uni t of the activity 
is one hectare. 
Production: 302 kilograms of meat per hectare . 
Feeding plan: l hecta r e of permanent pa s ture PlS, l hecta r e of 
silage exc ess production of pe rmanen t pasture P39. 
P30 Three years old steer s. Buy ing, f eeding a nd selling activity . The 
unit of the activity is one hectare . 
Production: 675 kilograms of meat per unit per year. 
Feeding plan : 1 hectare of rye grass Pll. 
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P31 Sheep raising and selling activity. The unit of the activity is 
one hectare. 
Production: 1,120 kg of wool and 1,150 kg of meat. 
Fe eding plan: .77 hectares f ertilized natural pas ture Pl 8 , . 23 
hectares rye grass Pll. 
The activity considers all the s tock of animals necessa r y for pro-
duction, including lambs and wethers . 
P32 Milk selling activity. The unit of the activ ity i s one liter. 
P33 Dairy calf selling activity. The unit of the activity is one dairy 
calf . 
P34 Silage making activity. The activity unit i s one hecta re. 
The activity ensiles the excess production of r ye grass Pll. 
P35 Hiring labor in June , July and Augus t. The uni t of the a c tivity i s 
one hour. 
P36 Hiring labor in Se pte mber, Octobe r and November. The unit of the 
activity is one hour. 
P37 Hiring labor in December, January and February. The unit of t he 
activity is one hour. 
P38 Hiring labor in March, Apri l and May . The un it of the act i v ity is 
one hour. 
P39 Silage making activity. The unit of the activity i s one he cta r e . 
This activity makes silage of the excess production of pe rmanent 
pas ture PlS. 
P40 Diverted hectares for land conservation. This does no t involve a ny 
cos t or use by other activities, i s included in the program to give possi-
bility of land not being used and meet minimum conservation requirement. 
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RESTRICTIONS 
ROl Maximum land available on the farm. The B column unit is one hectare. 
R02 Equality restriction representing the non-tillable land. The B 
column unit is one hectare. 
R03 Minimum conservation requirement to maintain soil fertility . The 
level of this restriction arises from the fact that land for crops 
can be used with annual crops only once every three years. The B 
column unit is one hectare. 
R04 Maximum land available for annual crops every year. The B column 
unit is one hectare. 
ROS Maximum operator and family labor available during the month of June, 
July and August. The B column unit is one hour. 
R06 Maximum operator and family labor available during September, October 
and November. The B column unit is one hour. 
R07 Maximum operator and family labor available during December, January 
and February. The B column unit is one hour. 
ROB Maximum operator and f amily labor available during March, Apri l 
and May. The B column unit is one hour. 
R09 Rye-grass transfer row. The transfer unit is one hectare o f the pas-
ture that is transferred as standing crop to be used for pasture 
or silage . 
Rl O Sudan grass transfer row. The transfer unit is one hect a r e . 
Rll Permanent pasture transfer row. The transfer unit is one hectare 
of permanent pasture Pl3. 
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Rl2 Permanent pasture transfer row. The transfer unit is one hectare 
or permanent pasture Pl4 transferred as a standing crop. 
Rl3 P e rmanent pasture transfer row. The transfer unit is one hectare of 
permanent pasture PlS. 
Rl4 Alfalfa transfer row. The transfer unit is one hectar e of alfalfa 
Pl6 transferred as standing crop. 
RlS Alfalfa hay transfer row. The transfer unit is one hectare . The 
silage made out of the excess production of activity Pl6 is trans-
ferred in this row. 
Rl6 Fertilized natural pasture transfer row. The transfer unit is one 
hectare of Pl9. 
Rl7 Natural pasture transfer row. The transf e r unit is one hectare. 
Rl8 Milk transfer row. The transfer unit is one liter . 
Rl9 Dairy calf transfer row. The transf e r unit is one calf. 
R20 Maximum restraint on dairy capacity. The B column unit is one 
hectare. 
R21 Rye grass silage transfer row. This is the silage from the excess 
production of rye grass Pl l . The transfer unit is one hectare . 
R23 Silage from permanent pas ture . The transfer unit is one hectare of 
the excess production of PlS. 
R24 Maximum operating capital res traint. The B column uni t is one peso . 
R25 Maximum pasture capital r es traint. The B column unit is one peso . 
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ANALYSIS AND CONCLUSIONS 
Part I: Optimum Organization of Dairy Farms as Capital Availa-
bility Changes 
The optimum organization for the five typical dairy farms of the 
a rea and for six different combinations of pasture capital and ope rating 
capital are presented in this section. These res ults have been obtai ned 
by use of parametric programming procedures on the B co lumn coefficient 
for capital. 
The initial level of capital assumed to be available differs ac-
cording to farm size. Farms of 25 and 45 hectares have an initial level 
1 
of UR$ 5,000. 00 of operating capital (short-term) a nd UR$15,000.00 of 
pasture capital. Farms with 70 hectares have an initial level of UR$ 
10,000.00 of operating capital and UR$20,000.00 of pasture capital. 
Farms with 140 and 275 hectares have initially UR$20,000.00 of the first 
type and UR$30,000.00 of the second type. 
It is difficult to define the amount of capital available to the 
farm bus iness. Usually it is proportional to the f irms equi t y in the 
business, but in many cases operators have private sources which permit 
them to augment the amount of credit available from conventional credit 
agencies. 
In this section the prices of products were considered fixed and 
did not change with different levels of capital. Land res ource and family 
labor were also held constant. However the model provided that labor 
1 
UR$ = Uruguayan pesos. 
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could be increased as long as its marginal product is g r eater or equal 
to its marginal cost. There were no r estraints on the hired labor ac-
tivity in any of the four seasons of the year. 
The results for each of the five typical farms will be s ummar ized 
separately and at the end of Part II will be presented the normative ag-
gregate supply of milk for the area. 
Marginal productivity of capital cannot be calculated because there 
is interdependence between the two types of capital (operating and pasture). 
All the activities defined in point VII were included in this optimization . 
Farm 1 (25 hectares) 
Farms with 25 hectares of l and are probably too smal l for the kind 
of enterprises considered in this study . Other r esources are in d i sposal 
whe n the amount of land limits increased levels of production . 
From the 25 hectares of the total land, a minimum of 19 hectares 
must be devoted to soil conserving crops r educing the maximum amount of 
tillable land to 6 hectares. 
The initial level of capital is UR$5,000.00 of operating capital 
and UR$15,000.00 of pasture capital (Figure 3) . At this level, the op-
timum l evel of production is almost achieved . This represents nearly all 
the capital that can be used productively on the farm. 
Operating capital limits the use of the available pasture capital. 
Actually, all the operating capital is used at the f irst level, but only 
UR$13, 319 . 00 of the pasture capital is used. 
At the second level of capital, with an availability of UR$15,000.00 
Figure 3 . Estimated income and source of incomes by capital 
levels on dairy farms of 25 hectares 
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Table 3 . Real activities and val ue of the prog r am by capital l evel s on 
dairy farms of 25 hectares 
Levels of caEital in UR$ 
Real activit i es Unit 5,oooa 6 ,240a 
on the basis 13 , 319b 9,4166 
Pll Rye grass ha. 2 2 
Pl2 Sudan grass " 3 4 
Pl 3 Pe r manent pasture " 4 4 
Pl4 " " " 4 4 
Pl 5 " " " 5 0 
Pl 6 II " " 0 1 
Pl7 II " 0 1 
Pl8 Fertilized natural pasture " 6 10 
P20 Dairy cattle II 2 0 
P21 " II II 12 13 
P22 " " " 0 3 
P28 Dairy steers feeding kg . 4,050 4,050 
P32 Milk selling lt . 2 4 , 997 2 5' 065 
P39 Silage ha . 2 0 
Value of the program UR$ 72 '077 74,172 
aOperating capital . 
bp . asture capital 
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of ope rating capital and UR$25 , 000 . 00 of pasture capita l , UR$6, 240 . 00 
of the f irs t type and UR$9,416. 00 of the second type are used . At th is 
level of capital less pasture cap ital is used than at the fi r st l e ve l. 
This means that for this farm size and with the r esource r est r aints , 
range of activities considered, and level of management assumed only 
UR$9,416 . 00 of pas ture capital are needed to obtain the optimum level of 
production if at leas t UR$6,240. 00 of operating capital is a vaila ble . 
Labor does not constitute a limi ting factor for this f a r m. The 
total family labor available is 3,000 man hours (see definition on l abor 
r esource , p . 17). 
Only one more hour of labor i s us ed with t he second level of capi-
tal . At the firs t level , 1 , 908 hours are in disposal and at the second 
l evel 1 , 907 hours . This means t hat these farms have an excess s uppl y of 
family labor s ince only a little more than half of the t ota l famil y labor 
s upply and no hired labor is used at both levels of capital availability 
whe n analyzed . The excess family labor provides incentive to the 
farmer to work part time off the f arm to supplement his income . 
Land becomes the limiting factor when the second level of capital 
is ava il a ble . 
The r eal activities an the basis of the optimal sol ution can be 
divided into t wo types : 1) real activities with a positive "C" value or 
final ac t ivities and 2) r ea l activities with a negative "C" value or 
intermediate activities . 
The final activities on the basis of the optima l solution (Figure 3) 
a r e t he s ame for all levels of capital . They are milk pr oduction which 
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increases only 68 liters (24, 997 to 25,065) from the first to the s econd 
level of capital, and meat from dairy steers at a level of 4,050 kilo-
grams of meat per year at both capital levels . 
The intermediate activities, s hown in Table 1 are all feeding ac-
tivities. The maximum level of income is UR$ 72,172.00 
Farm 2 (45 hectares) 
From the 45 hectares of the total land, a minimum of 34 hec tares 
must be devoted to soil conserving crops reducing the maximum amount of 
tillable land to 11 hectares . Not all the land was used at the fir s t 
level of capital . The 11 hectares of tillable land were used with wheat, 
but the minimum of 34 hectares with conserving crops was not achieved be-
cause the capital assumed available was not s ufficient . Consequently , 
5 hectares of this type of land was in di s pos al . 
The levels of capital are the same as those assumed for farms with 
25 hectares . The initial level of capital is UR$5,000 . 00 of ope rating 
capital and UR$15,000 . 00 of pasture capital (Figure 4) . At this l e ve l 
of capital an income of UR$95,559 . 00 r esults from the production of 
28, 211 liters of milk, 4,500 kilograms of meat from feeding dairy s t e ers 
and growing 11 hectares of wheat . Tota 1 income can be increased by using 
more capital of both types. At the second l e ve l of capital (UR$15,000 . 00 
of operating capital and UR$25,000. 00 of pasture capital) UR$11,299 . 00 
of operating capital and UR$16,835 . 00 of pas ture capital are used al-
though UR$15,000.00 plus 25,000 . 00 unit s are available . The maximum 
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level of production is reached before fully utili zing capital a t the 
second level because capital use is limit ed by the amount of other re-
sources. 
At the second level of capital, production of wheat becomes ze ro 
and is replaced by milk and meat from dairy steers (Figure 4) . Income 
increases to UR$133,638.00 as the r esult of producing 45,14 6 lite rs of 
milk and 6,750 kilograms of meat. 
The family labor available on this farm is a l so 3,000 man hours 
per year as on farms of 25 hectares. At the first capital level, 
1,399 man hours of family labor are used leaving 1,601 man hours in 
disposal, thus a little more than half of the total family labor con-
stitutes excess capacity. No hired labor i s required because the farm 
has labor in disposal during all fo ur seasons of the year . 
At the second l evel of capital more labor i s used, but 103 hours 
r emain unused. All the real activities on the basis of the optimal 
solution a r e shown in Table 4. 
Farm 3 (70 hectares) 
From the total of 70 hectares of land available a minimum of 49 
hectares must be devoted to soil conserving crops r educing the maximum 
amount of tillable land to 17 hectares. Four hectares are non tilla ble 
land because of rocky land or flood plains. Tillabl e l and for annual 
crops is used with grains at the first level of capital and for annual 
Figure 4. Estimated income and sources of income by capital 
l evels on dairy fa rms of 45 hectar es 
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Table 4 . Real activities and value of the program by capital leve ls 
on dairy farms of 45 hectares 
Real activities Levels of capital i n UR$ 
in the basis Unit 5,oooa 1 L 2~2 
~ 
15 , 000h 16, 835b 
P03 Wheat ha . 11 
Pll Rye grass II 4 
Pl2 Sudan .grass II 7 
Pl3 Perm. pasture II 5 8 
Pl4 II " II 5 8 
Pl6 II II ti 5 1 
Pl7 Perm. pasture hay II 5 l 
Pl8 Fertilized not pasture " 14 17 
P21 Dairy cattle " 24 
P22 Dairy cattle " 19 5 
P28 Dairy steers feeding kg . 4,050 6,750 
P32 Milk selling 1 t . 28 , 211 45 ,1 46 
P40 Natural pasture ha . 5 
Value of the program UR$ 95,559 133,638 
8 0perating capital. 
bPasture capital. 
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pasture when more capital i s available . All land i s used at all capi t al 
levels . 
The first level of capital tested on thi s fa rm was UR$10, 000 . 00 
of ope r at ing capital and UR$20 ,000 . 00 of pas ture capital and all was used . 
The second level has UR$2 0 ,000. 00 of operating capital and UR$3 0 , 000 . 00 
of pas ture capital but not all was used. The maximum output i s at tained 
with UR$16, 868 .00 of operation capital and UR$24,202 . 00 of pastur e capital 
(indicated by dotted line in Figure 5). Other f actor s limit the use of 
capital beyond this level. 
Total family labor i s 3 , 000 man hours and remains constant fo r all 
levels of capital. At the first level of capital , not all the family 
labor is used during spring , summer and fall . In these seasons , there 
is a n excess capacity of 344 man hours of labor more than 903 of which 
occurs during s pring and s ummer. On the other ha nd, the availability 
of family labor during winter i s not enough to fu lfill the r equirement 
of the farm in that season and 19 hours have to be hired . 
At the second level of capital, the use of labor i s g r eater than at 
the first level, but its use distribution is the same . At this level 
140 man hours of family labor are in disposal and 25 man hours of labor 
a r e hired. 
The r ea l activities on the basis of the optimal solution tha t a r e 
final products change with the diffe r e nt l e ve l s of capital (Figure 5) . 
As capital increases production of milk also increases , r eaching a 
maximum l evel o( 66 , 340 lite rs. Seventeen hectares of whea t a re pr oduced 
at th i s l evel of capital, but the activity i s r e placed by pastures whe n 
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more capital is available. Meat from dairy s t eers increases as capit al 
increases and reaches its maximum of 10,350 kilograms at the s e cond level. 
Due to the low level of pasture capital, some of the dairy calves have 
been sold at the first level of capital, but all of them remaining af -
ter replacement are fed at the second level. 
Income increases as more capital is available and it is maximized 
at the second l evel at UR$196,356.00. All the real activities in the 
basis of the optimal solution can be seen in Table 5. 
Table 5. Real activities and value of the program by capital levels on 
dairy farms of 70 hectares 
Real activities 
in the basis 
P03 Wheat 
Pll Rye grass 
Pl2 Sudan grass 
Pl3 Perm. pasture 
Pl4 " .. 
Pl6 " " 
Pl8 Fertilized natural pasture 
Pl9 Natural pasture 
P21 Dairy cattle 
P22 II .. 
P28 Dairy steers feeding 
P32 Milk selling 
P33 Dairy calves sold 
P35 JJA hired labor 
Value of the program 
8 0perating capital. 
bPasture capital. 
Unit 
ha. 
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II 
II 
] t. 
head 
hour 
Levels of 
10,000a 
20, ooob 
17 
5 
5 
ll 
29 
4 
40 
4,050 
57,614 
10 
19 
UR$ 155,351 
capital in UR$ 
16,868a 
24,202b 
6 
11 
ll 
11 
1 
25 
4 
38 
6 
10,350 
66,340 
25 
196,356 
Figure S. Estimated income and sources of income by capital 
levels on dairy farms of 70 hecta r es 
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Farm 4 (140 hectares) 
From the total of 140 hectares of land available it is assumed that 
a minimum of 98 hectares must be devote d to soil conserving crops r educ-
ing the maximum amount of tillable land to 35 hectares . Seven hectares 
are non tillable because of rocky land or flood plains . For farms of 
140 hectares, production is more diversified than on smaller farms, compare 
Figure 6 with Figures 5, 4 and 3. 
The first level of capital is UR$20,000.00 of operating capital and 
UR$30,000.00 of pasture capital. All i s used to optimize production. 
The second level of capital with UR$30,000.00 of operating capital and 
UR$40,000.00 of pasture capital is f ully used . However , at the third 
level (UR$40,000.00 of operating capital and UR$50, 000 . 00 of pasture 
capital) maximum production is attained by us ing UR$31, 217 . 00 of the first 
type and UR$49,423.00 of the second type . 
The total amount of family labor available on this farm is 5 , 000 
man hours per year equally divided among the four seasons of the year . 
There is some labor in disposal during s ummer and fall, but it is neces-
sary to hire labor during winte r and spring . Family labor is in disposa l 
at a level of 279 hour s at the first level of capital, 199 man hours at 
the second level and 181 man hours at the third l evel . The total hours 
of labor hired at the three l evels of capital are 332 man hours, 74 man 
hours, and 256 man hours r espectively. 
The real activities in the basis of the optimal solution that are 
final products are: Milk, wheat, flax, meat from dairy steers and dairy 
calves sold (Figure 6). Milk reaches its maximum possible levelof 110,940 
Figure 6. Estimated income and sources of income by capital 
levels on dairy farms of 140 hectares 
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liters (38 hectares , see Appendix A) at the first level of capital . 
Wheat production is maximized (32 he ctares ) at the Eirst l eve l oE capi-
tal and i s almost zer o afte r that stage . Flax increases as capital in-
c r eases to a maximum of 21 he ctares. Meat production from dairy s t eer s 
increases up to the second level of capital whe r e it r eaches a level of 
17,100 kil ograms . As this activity i s dependent on the l evel oE the 
dairy activity, it cannot increase beyond that leve l whe r e a ll the dairy 
calves remaining from replacement are fed. Part of the dairy ca l ves a r e 
sold at low levels of capital but the numbe r sold decreases and be comes 
zero at the second capital l eve l. Income i ncreases as capital inc r eases 
reaching a maximum of UR$364,887 . 00. The dotted line in Figure 6 indi-
cates the maximum level of capita l used . In Table 6 are pr esented all 
the real activities on the basis of t he optimal sol ut ion . 
Farm 5 (275 hectares) 
From the total of 275 hectares of land available for this type of 
farm , it is cons idered that a minimum of 192 hectares must be devoted 
to soil conserving crops r educing the maximum amou nt of tilla bl e land 
to 69 hectares. Fourteen hectares are non tillabl e land be cause oE rocky 
land or flood plains . Part of the land is in dis posal in the f irst five 
l evels of capital assumed (Table 7 , activity P40). 
The leve l s of capital available for this farm are the same as those 
for fa rms with 140 hectares. UR$20,000.00 of ope r ating capital and 
UR$30,000.00 of pasture capital i s the amount available at the first 
leve l and it i s increased by UR$10,000.00 in each level up to 70,000.00 
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Tab le 6. Real activities and value of the program by capital l evels on 
dairy farms of 140 hectares 
Real activities 
in the basis 
P03 Wheat 
P05 Flax 
Pll Rye grass 
Pl2 Sudan grass 
Pl3 Perm . pasture 
Pl4 II " 
Pl6 " II 
Pl7 Perm . pasture hay 
Pl8 Fertilize nat. pasture 
Pl9 Natural pasture 
P21 Dairy cattle 
P22 Dairy cattle 
P28 Dairy steers feeding 
P32 Milk selling 
P33 Dairy calves sold 
~35 Hired labor JJA 
P36 Hired labor son 
P40 Natural pasture 
Value of the program 
aOperating capital. 
bpasture capital· 
Unit 
ha. 
" 
II 
II 
II 
II 
II 
II 
II 
II 
II 
Leve ls of capital in UR$ 
20 ,000a 30,000a 31,217a 
30,ooob 4o,ooob 49,4230 
32 2 
4 21 
1 1 0 5 
2 1 9 9 
6 19 19 
6 19 19 
19 2 11 
19 2 11 
54 41 49 
7 7 7 
7 65 32 
70 7 42 
kg. 4,950 17,1 00 17,100 
1t.110,940 110, 978 11 0 ,957 
head 27 
hour 186 70 145 
II 146 4 111 
ha. 14 17 
UR$ 275 ,546 338,812 364 1 887 
so 
and 80 , 000 . 00 . At the maximum level, not all capital was used indi-
cating that another factor limits its use. The dotted line in Figure 7 
indicates the amount of capital needed for this farm to maximize profits 
given the level of the other resources . 
Total family labor avail able is 7,000 man hours per year. Part is 
unused at all levels of capital, but at the highest level surplus labor 
is evident only during summer and fall. Some labor is hired during the 
two other seasons of the year. 
All the real activities on the basis of the optimal solution are 
shown in Table 7 . The real activities which are final products can also 
be observed in Figure 7. They are: milk, wheat, flax, meat from dairy 
stee r s , dairy calves sold and meat from beef cattle. Milk reaches its 
maximum at the second level of capita l with 110,978 liters . There is a 
small decrease in the amount of milk at greater l evels of capital due to 
a different dairy activity in the basis of the optimal solution . Whea t 
production is maximized at the first capital level at 67 hectares and 
decreases as more capital becomes availabl e reaching zero at the fourth 
capital level. Flax production increases as wheat decreases and reaches 
a maximum at the fourth capital level due to the maximum restraint on 
tillable land. Meat from dairy s t eers increases up to the second level 
of capital where 17,100 kilograms are produced. Dairy calves are sold 
only at the lowest capital level and at gr eater levels of this r esource 
all calves not needed for replacement are fed . Meat from beef cattle 
is produced when capital availability is greater than UR$40,000. 00 of 
operating capital and UR$50,000.00 o( pasture capital. Beyond that l eve l 
Figure 7 . Estimated income and source of income by capital l e ve ls 
on dairy farms of 275 hectares 
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Table 7. Real activities and value of the program by capital levels 
on da iry farms of 275 hectares 
Rea l activities Levels of capital in UR$ 
in the basis Unit 2 o,oooa 30, oooa 40,000a 45,36# 54, 649a 63, 544 a 
30,ooob 40,ooob 50,000 b 60,ooob 1 o,ooo b 7 9, ooo b 
P03 Wheat ha. 67 37 10 
POS Flax ti ., 45 69 69 o 9 .. 
Pll Rye grass ti l 10 5 
Pl2 Sudan grass II 1 19 9 
Pl3 Perm.pasture ti 5 19 19 19 19 19 
Pl4 ti II " 5 19 19 19 19 19 
Pl6 ti II ti 20 2 12 22 32 42 
Pl7 11 past . hay ti 20 2 12 22 32 42 
Pl8 Fert. nat. 
past. ti 55 41 49 59 87 112 
Pl9 Nat. past. ti 14 14 14 14 14 14 
P21 Dairy cattle II 4 65 30 
P22 ti II " 73 7 44 77 77 77 
P25 Beef cattle kg. 625 5,2 s o 9, 62 5 
P2 8 Dairy steers 
feeding kg• 4,500 17,100 17,100 17,1 00 17,100 17,100 
P32 Milk selling lt. 110,938 110,978110,955 110,935 110,935 110,935 
P33 Dairy calves 
sold head 28 
P35 Hired labor 
JJA hour 26 
P36 Hired labor 
SON hour 141 
P40 Nat. past. ha. 107 111 93 72 35 
Value of the program UR$ 318,917 380, 503 428 ,991 462,047 469,59 6 475,497 
aOperating capital. 
b 
Pasture capital. 
S4 
beef production increases reaching a maximum level of 9,62S kilograms of 
meat . Total income reaches a maximum of UR$47S,497 . 00 for farms of 
27S hectares . 
Part II: Optimum Organization of Dairy Farms when Price 
of Milk Changes 
This section considers the same five typical farms analyzed in the 
previous section, but now the main point is to study changes in optimal 
allocation of resources when the price of milk is varied from UR$ . SO 
to UR$3 . 00. The average price of milk (during 1966) in the area under 
study was UR$2.S3 per liter. 
The procedure used in this section is parametric programming of the 
milk price coefficient in the objective f unct ion with the price of milk 
changing in increments of UR$ .so . A total of six optimizations (for 
each size group) were obtained . 
The amount and type of soil available on each of the five typical 
farms is the same as in Part I, and it has not been altered as price of 
milk changes . 
Capital availability was set at the maximum limit available in Part I. 
Thus capital is not a restrictive factor in this case and consequently 
the farmer will have as much of that resource as he needs in order to 
maximize the use of other resources . Family labor and hired labor have 
the same characteristics as in Part r. 
This section is divided into two cases : 1) all previously defined 
activities we re included in the analysis , and 2 ) activities involving 
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the feeding of dairy steers were excluded (P28 and P29). Both cases are 
presented in a comparative analysis. The purpose of this division is to 
tes t i f the possibility of feeding dairy steers causes produc ti on oE 
mi lk to be higher than otherwis e . Because f eeding dairy steer s seems to 
be a profitabl e activity it was hypothesized that the dairy enterprise 
might be forced into the final solution to provide dairy s t eers even 
though the price of milk was low . 
Prices and input output coefficients a r e the same as those in Part I. 
At the e nd of this part, estimates of the supply of milk which would be 
fo rthcoming unde r the assumptions specified are presented where feeding 
dairy s teers are both included and excluded f rom the model . 
Farm 1 (25 hectares) 
Case 1 (dairy steer feeding activities incl uded) Capital does 
not constitute a limiting resource . The use of operating capital increased 
as price of milk increased (Table 8) , and the maximum level used was 
UR$8 ,125 . 00 of operating capital at a milk price level of UR$3. 00 a nd 
UR$9,7 29.00 of pasture capital at a milk price of UR$ . SO and 1. 00 . As 
the price of milk increases , the use of pasture capital decreases due to 
changes in the act ivities in the basis of the optimum solution . Activities 
involving less use of pasture capita l a r e s ubs tituted for ac tivit i es 
l ike pe rmane nt pasture that use a considerable amount of this kind o( 
capita 1. 
Labor resources can be divided into two categories : family labor 
and hired labor . This resource also has the same characteris tic s as in 
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Table 8. Real activities, value of the program, use of capital and labor 
in disposal by different prices of milk when dairy steer f eed-
ing activities are included; farms of 25 hectares 
Real activities Price of milk in UR$ 
in the basis unit .so 1.00 1.50 2 . 00 ~ .s o 3.00 
P05 Flax ha. 6 6 
Pll Rye grass .. 2 2 2 2 
Pl2 Sudan grass .. 4 4 4 4 
Pl3 Perm . pasture 3 3 4 4 4 
Pl4 II II .. 3 3 4 4 4 
Pl6 " " " 3 3 l l 1 3 
Pl7 " II hay " 3 3 1 1 l 3 
Pl8 Fert. oat. past. II 9 9 10 10 10 16 
P21 Dairy cattle " 13 13 13 13 
P22 II II II 13 13 3 3 3 12 
P28 Dairy steer 
feeding kg. 2,700 2 ,7 00 4,050 4,050 4,050 
P32 Milk selling lt. 18,390 18,390 25,065 25 ,065 25,065 37,493 
P33 Dairy calves 
sold head 13 
Value of program UR$ 28,178 37,374 48,355 60,888 7 3' 421 87,395 
Use of op. capital UR$ 5,355 5, 355 6, 240 6,240 6,240 8, 12 5 
Use of pasture capital II 9, 72 9 9, 72 9 9' 416 9,416 9,416 3,150 
Labor in disposal hour 2,124 2' 124 1, 907 1, 907 1, 907 1, 491 
S7 
Part I. The farm has labor in disposal at all the l evels of milk prices 
analyzed . The excess capacity of labor i s 2 ,1 24 man hours a year when 
the price of milk is UR$ . SO and 1 . 00, 1,907 man hours when UR$1 . SO , 
2 00 a nd 2 . 50 a nd unused labor diminishes to 1, 491 at the maximum milk 
price level . Thus the intensity of labor use increases as the price of 
milk increases . 
Production of milk increases as the price of milk increases (Figure 
8) . The dotted line represents the average price level in the area at 
1966 prices . This is also the price level used in Part I. The range of 
milk prices considered emphasized points below the 1966 mean because if 
the new technology i s applied in this area, the level of production of 
milk will incr ease causing the price of the product to go down . The pur-
pose i s to observe how the balance be tween the production of milk and 
other products would be affected by s uch a dec line in the price oE milk. 
The l evel of milk production remains constant at 18,390 lite r s when 
the price of milk is UR$ .SO and 1 . 00, it increases to 25 , 065 liters when 
the price increases to UR$1 . SO and remains at that l evel Erom UR$2 . 00 
through 2 .SO, then increases to 37,493 liters when the price increases 
to UR$3.00. 
Flax uses all 6 hectares of tillable land when the price of mi lk is 
UR$ . SO a nd 1 . 00 but its production becomes zero at highe r milk prices 
beca use it is r eplaced by annual pastures . 
Meat produced f rom feeding dairy s t eer s increnses as price and pro-
duction o[ milk increases , but only until the milk price r eaches UR$2.SO . 
For this point upward it is more profitable to allocate r esources en-
Figure 8. Es timated income and sources of income at diffe r ent 
prices of milk in dairy farms of 25 hectares 
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tirely to the production of milk. This suggests t hat if the price of 
milk should increase over the 1966 average price rece ived in the area, 
income could be increased by reducing meat production (Figure 8) . No 
dairy calves are sold until milk prices exceed UR$2 . SO s ince the y are 
inputs of the dairy steer f e eding activity. Income r eaches a max imum 
leve l of UR$87,395 . 00 when the price of milk i s UR$3 . 00. 
Case 2 (dairy steer feeding activities excluded) The onl y change 
in the model summarized in this section as compared with the pre vious 
case is the exclusion of activities P28 and P29 (stee r f eeding) . 
Capital did not constitute a res triction. All availa ble l a nd was 
used at all milk price levels. All labor requirements are fulfilled 
with the family labor available on the farm . Ther e is s ome e xces s of 
family labor in all optimizations. The amount in dis posal i s equal to 
2 ,785 man hours when price of milk i s UR$ .SO, 1,8 18 man hours when price 
is UR$1.00 and 1.50 and 1,491 man hours for prices of UR$ 2 . 00 , 2 . 50 
and 3 . 00. No hired labor was used in any optimization . 
The maximum level of milk produced on the f arm is 37,493 lite rs which 
is the same as the prev ious case where activities P2 8 and P2 9 were in-
cluded. This maximum level is determined by the amount of r esources 
available . Land is the constraint that makes impossibl e further increas-
ing of the level of milk production. All the land i s used in support 
of milk production when the price i s UR$2.00 or grea t e r. Ne ve rtheless , 
the amount produced at each price level is not the same as bef or e . Wh e n 
price of milk is UR$ .SO no milk is produced (Figure 9). This indica t es 
Figure 9 . Estimated income and sources of income excluding dairy 
s t eer feeding activities at dif fe r ent pr ices of milk 
on dairy farms of 25 hectares 
8 
C/I 
& 
0 
C/I 
~ 
0 
C/I 
:J 
0 s= 
C/I 
en E 
'O 0 c: ~ 
0 Cit 
"'2 
:J ·-0 .a.: 
s::. 
~ .. 
0 
C/I 
QI 
~ 
8 
>. 
~ 
0 
"O 
C/I 
Cl> 
~ 
0 -0 
G> 
s= 
C/I 
~ 
Q) . -.: 
'5 
C/I 
"O 
c: 
0 
C/I 
:J 
0 
s::. -
62 
80 
70 
60 
50 INCOME 
40 
30 
20 
10 
3 
MEAT FROM BEEF CATTLE 
2 
15 
10 . DAIRY CALVES SOLD 
5 
6 
4 
2 
40 
35 
30 
25 
20 
15 
10 
5 
.50 1.00 1.50 2 .00 3 .00 
Price of Milk (pesos) 
63 
that the milk production at that price in the previous case(dairy steer 
feeding activities included) wa s due to the poss ibility of feeding the 
dairy s t eers which i s an activity with a compa ratively high r eturn per 
unit . When the price of milk i s UR$1. 00 , l.SO, 2 .00 , and 2 . SO produc-
tion of milk is g r ea t e r than in Case 1 (dairy steer feeding activities 
included) . 
Flax is produced at a l evel of 6 hectares when the price of milk is 
be tween UR$ .S O and l.SO, but becomes zero at higher prices whe r e t he 
land i s planted to annual pastures to feed dairy cattle. 
All the dairy calves r emaining after r eplacement are sold because 
this i s the only alternative use for them. As a conseque nce, t his ac-
tivity increases in the same fashion as milk production. Beef cattle 
a r e produced only at the lowes t milk price (UR$ .SO) whe r e 2299 kilogr ams 
are produced yearly . Income increases as the price of milk i ncreases 
and reaches a maximum of UR$87, 395.00 which is the s ame as Case l (dairy 
steer feeding act ivities included). 
The mos t r e l evant conclusion f r om the a nalysis of this situation is 
that the e nterprise combination a nd the income leve l are the same f or both 
cases (i.e. , with and without s t eer feeding activities) only whe n the 
price of milk is above UR$2.SO . At a ll othe r milk prices, income , mi lk 
production and enterprise combinat i on differ between the t wo cases . 
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Tabl e 9 . Rea l activities , value of the pr ogram, use of capital and labor 
in dis posal by different prices of milk whe n dairy steer feed -
ing activities are excluded , farms of 25 hectares 
Rea l activities in 
the basis 
POS Flax 
Pl l Rye grass 
Pl 2 Sudan g rass 
Pl 6 Pe rm . pastur e 
Pl 7 " " hay 
Unit . so 
ha. 6 
" 0 
" 0 
" 5 
" 5 
Price of milk in UR$ 
1 . 00 1 . 50 2 . 00 2 . 50 3 . 00 
6 6 0 0 0 
0 0 2 2 2 
0 0 4 4 4 
5 5 3 3 3 
5 5 3 3 3 
Pl 8 Fe rt . nat . pasture " 14 14 14 1 6 16 16 
P2 1 Dairy cattle 
P22 " " 
P25 Beef cattle 
P32 Milk se ll ing 
P33 Dairy calves 
sold 
Value of program 
Use of op . capital 
Use of pasture capital 
Labor in disposa l 
" 0 0 0 13 13 13 
" 0 1 9 19 12 12 12 
kg . 2 , 2 99 0 0 0 0 0 
0 27 , 513 27,512 37 ,4 93 37 , 493 37,493 
head 0 9 9 13 13 13 
UR$ 15 , 921 20,188 13 ,944 49,90 1 68,648 87 , 395 
II 6 ' 92 9 6,739 6 , 739 8 ' 125 8 , 125 8 , 125 
" 5' 13 0 s, 130 5,130 3 , 150 3 ,1 50 3 , 150 
hour 2 , 785 1 , 818 1, 818 1 , 491 l, 4 91 1, 491 
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Farm 2 (45 he ctare s) 
Ca se l (dairy steer f eeding activities included) Capita l i s fixed 
at t he ma ximum level as s ume d in Part I and does not cons titut e a l imiti~ 
fa ct o r in any of the optimizations analyzed . The amount of o pe r a ting 
ca pita l us ed at the first price of milk, UR$ .so, and the s econd, UR$1. 00 , 
i s UR$9,67 8 . 00 . When price of milk increa s es to UR$1.SO, 2 . 00 and 2 . 50 , 
ope rating capital used increases to UR$ll, 299 . 00 and at a price of UR$3 . 00 , 
UR$14,69S.OO of operati~ capital are u sed . Use of pas ture capi tal de -
c r ea ses as price of milk increases and varies from UR$17 , 509. 00 at the 
l owes t milk price t o UR$5,SSO. OO a t the higher milk price consider ed. 
Family labor is the main s ource of labor input us ed . Ther e is famil y 
l a bor in dis posal a t all l evel s of milk price . When price of milk i s 
UR$ . SO a nd 1 . 00, the excess f amily labor is equal t o 1,430 ma n hours a 
yea r, when the milk price is UR$1.SO, 2 .00 a nd 2 . 500 the excess i s 1, 033 
man hours and when price is at the highe r l e vel of UR$3 . 00 , the r e is a n 
e xcess of 290 man hours . During s umme r, fall a nd winter combined a nd 
it i s necessary to hire 7 hours in s pring . This 7 hours can pr obabl y 
easily be cove r ed with family l a bor. 
Milk production increases a s price of milk incre ases and it va r ies 
from 32,909 liters whe n price of milk i s UR$ .SO to 67, 531 lite r s whe n 
price i s UR$ 3. 00 . The total production of milk increas es i f the price 
is g r eater than the ave rage price of 1966. The dotted line i n Fi g ure 10 
indicates the a verage price of milk in the area during 1966 . 
All the available tillable land for annual crops is used by flax 
which is planted on the 11 hectares when the price of milk i s UR$ .so a~ 
Figure 10. Estimated income and sources of income including 
dairy s teer feeding activities at different prices 
of milk on dairy farms of 45 hectares 
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1.00 . At greater prices of milk the production of this crop equals ze ro 
and the land is used to grow annual pastures. 
Dairy calves remaining from replacement are fed and the level of 
this activity increases in the same way as milk production increases 
until the price of milk is UR$2.SO where meat production r eaches a maxi-
mum of 6 , 750 kilograms per year . When the price oE milk is greate r than 
UR$2 . SO no dairy steers are fed and they are sold as dairy calves . Under 
this circumstance all the land available is devoted to production of 
milk (Figure 10). 
Income increases at all levels of milk prices and r eaches a maxi-
mum of UR$157,400 . 00. In Table 10 are shown all the activities present 
in the basis of the optimal solution at each price of milk analyzed . 
Case 2 (dairy steer feeding activities excluded) The only change 
in the model summarized in this section as compared with the prev ious 
case is the exclusion of activities P28 and P29. All the optimum programs 
at the different milk prices are diffe rent f r om Case 1 (including dairy 
steer feeding activities) under this situation. 
When activities P28 and P29 (feeding dairy steer s) are excluded , the 
programs use more operating and less pasture capital than otherwise, ex-
cept for price of milk equal to UR$3.00 where the quantity used of both 
types of capital are the same. 
Disposable family labor is greater than in Gase 1 (dairy steer feed-
ing activities included) at the first level of capital; in this case the 
farm has 2,613 man hours of dispos able family labor . Wh e n price of milk 
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Ta ble 10 . Real activities, value of the prog ram, use of capital and 
labor in disposal by different prices of mi lk wh en <lairy 
s teer feeding activities are includ ed , fa rms of 45 he ctares 
Real activities in 
the basis 
POS Flax 
Pll 
P l2 Sudan g rass 
Pl3 Perm. pasture 
Pl4 " " 
P16 II 
Pl 7 II 
Pl 8 Fert . nat . past. 
P2l Dairy cattl e 
P22 " " 
Unit 
ha. 
" 
II 
" 
II 
II 
P28 Dairy steer feed . kg . 
Price of milk in UR$ 
.so 1 . 00 1.50 2 . 00 2 . 50 3 . 00 
11 11 0 0 0 0 
0 0 4 4 4 4 
0 0 7 7 7 7 
6 6 8 8 8 0 
6 6 8 8 8 0 
6 6 1 1 1 6 
6 6 l l 6 
17 17 17 17 17 28 
0 0 24 24 24 24 
23 23 5 5 5 21 
4,950 4,950 6 , 750 6,750 6 , 750 0 
P32 Milk selling lt . 32,90932,909 45,146 45,146 45,146 67 ,5 31 
P33 Dairy calves sold h ead 0 0 0 0 0 23 
P36 Hire d labor son hour 0 0 0 0 0 7 
Value o[ th~ program UR$ 50 , 953 67, 408 87,1 37 109,710 132 , 283 157,400 
Use of operat ing capital " 9,678 9,678 11,299 ll , 299 11 , 299 14,695 
Us e o[ pasture capital II 17 , 409 17,40916 , 835 16,835 16, 835 5,550 
La bor in disposa l hour 1,430 1,430 1, 033 1, 033 1, 033 290 
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i s UR$1.00 and 1 . 50, excess family labor i s 883 man hours and a t price 
of milk equal to UR$2 . 00 , 2 . 50 and 3.00 is 290 man hours during t he sum-
m~r, fall and wi nter . During spring it i s nece ssary to hire 7 hours of 
labor which can be disregarded. 
Milk production is zero at the first price level and increases to 
67 ,531 liters fo r a price of milk equal to UR$2.00 . It remains the same 
at higher prices of mi lk . This production is l ess than the maximum re-
striction for this activity. Flax us es all the land available fo r annual 
crops when price of milk is UR$ .SO, 1 . 00 and l.SO being zero at higher 
prices of milk. Dairy calves sold increases in the same way milk pro-
duction does at all l evels of milk prices. Meat f rom beef cattle is pro-
duced only at the first milk price level and it is eq ual to 4,114 kilo-
grams per year. Tota l income has a maximum leve l equal to UR$ 1S7,400 . 00. 
Table 11 shows all the r eal activities in the basis of the optimal solu-
tion at the diffe rent prices of milk a ssumed . 
Having compared the main characteristics of the optimum plans when 
price of milk i s changed in both cases, it is possible to summarize the 
main differ ences between the two sit uat ions (including and excluding 
dairy s t eer feeding activities). 
In Case 1 ( dairy steer feeding activities included) there is more 
use of pasture capital except when the price of milk is UR$3 . 00 . The 
oppos ite occurs with the use of operating capital . In general there i s 
greater use of labor in Case 2 than 1. This is not so for the first and 
last assumed prices of milk . In s itua tion 2 there i s no produc tion of 
milk whe n the price is UR$ .SO but it is greater tha n in Case 1 at all 
Figure 11 . Estimated income and sources of income e xcludi ng dairy 
steer feeding activities at different prices of milk 
on dairy farms of 45 hec t a r es 
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INCOME 
FLAX 
.50 1.00 1.50 2 .00 2.50 3.00 
Price of Milk (pesos} 
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Table 11 . Real act1v1t1es, value of the program, use of capital and 
labor in disposa l by different prices of milk when dairy 
steer f eeding activities are excluded : farms of 45 hectares 
Real activities in 
the bas is 
P05 Flax 
Pll Ry e grass 
Pl2 Sudan grass 
Pl6 Pe rm . pasture 
Pl 7 " " hay 
unit 
ha . 
" 
" 
" 
II 
P 18 Fert. nat . past. " 
P21 Dairy cattle 
P2 2 " " 
P25 Beef cattle 
P32 Milk selling 
P33 Dairy calves 
sold 
P36 Hired labor 
s .o.N. 
Value of program 
Use of op . capital 
Use of past . capital 
Labo r in dis posal 
" 
" 
kg. 
1 t . 
head 
hour 
UR$ 
" 
II 
hour 
Price of milk in UR$ 
. so 1 . 00 1 . 50 2 . 00 2 . 50 3 . 00 
11 11 11 0 0 0 
0 0 0 4 4 4 
0 0 0 7 7 7 
9 9 9 6 6 6 
9 9 9 6 6 6 
25 25 25 28 28 28 
0 0 0 24 2 4 24 
0 34 34 21 21 21 
4 , 114 0 0 0 0 0 
0 49,232 49,232 67 , 531 67,531 67,531 
0 17 17 23 23 23 
0 0 0 7 7 7 
29,019 36,654 61 , 271 89 , 86 9 123,634 157,400 
12,494 12,154 12,154 14,695 14,695 14,695 
9,180 9,180 9,180 5,550 5,550 5 , 550 
2 ,613 883 883 290 290 290 
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the other milk prices , except the l ast price whe r e production is the same 
in both cases. In case 2 flax is s till produce d when milk price is 
UR$1.50. 
Meat from beef cattle is produced only in Case 2 (dairy s t eer f eed-
ing activities excluded). The level of income i s greater in Case 1 ex-
c ept at the higher price of milk where both optimum programs yield eq ua l 
incomes. 
Farm 3 (70 hectares) 
Case 1 (dairy steer feed ing activit i es inc luded) The 1 7 hecta res 
of tillable land available to annual crops are pla nted with flax at the 
f irs t two milk price level s (Figure 12 ). At greater milk prices this 
type of land i s used to produce annual pas tures . 
capital availability does not constitute a limiting factor in this 
situation (i . e . on a farm of 70 he ctares ). The amount of operat ing capi-
tal used increases as price of milk increases . Whe n the price of milk 
i s UR$ . SO and 1 . 00, UR$14,361 of ope rating cap ita l i s used and increases 
to UR$16,868 for greater milk prices , r emaining constant at that l e vel 
as the price of milk increases because the optimum plan r emains the 
same exce pt at a milk price of UR$3.00 . On the othe r hand, pa s ture capi-
t a l use de creases as the price of milk increases . This de crease has the 
s ame characteristics as the increase in operating capital and goes Crom 
UR$2S ,090 . 00 to UR$24,085.00. 
When the price of milk is at the firs t and second l evel, all the 
l a bor r equired by the optimum plan i s covered by the availa ble family 
Figure 12. Est imate d income and sources of income including dairy 
s teer feeding activities at diffe r ent prices of milk 
on dairy farms of 70 hectares 
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Labor with an excess capacity of 728 man hours remaining . At the other 
prices of milk there is a n excess of family labor of l40 man hours in 
spring , s ummer and fall combined, but 2S man hours have to be hired 
during winter. 
Production of milk increases until its price i s equal Lo UR$1 . SO 
remaining the same at milk prices of UR$1.SO, 2.00 and 2 . SO where it 
is equal to 66,340 liters . The re is a small increas e in its production 
at milk price of UR$3 . 00 going from the previous level to 66 , S73 liters . 
The level of production of milk by the size of farm at all milk price 
levels is less than the maximum r est riction of milk production included 
in the program. 
Flax is the only grain produced and reaches a maximum level o[ 17 
hectares at the first two milk prices . At higher prices the production 
of this g rain becomes zero. Al l dairy calves r e maining f rom r eplacement 
a r e fed and this activity increases as milk production increases , r each-
ing a maximum of 10,3SO kilograms of meat a year for prices of milk g reater 
or equal to UR$1.SO. The l evel of income increases as price of milk in-
creases and reaches a maximum of UR$227,SSO . OO . Figure 12 s hows varia-
tions in r eal activities (final products) when the price o f milk is in-
creased in steps of . SO from UR$ . SO to 3.00. Table 12 s hows all the real 
activities present in the basis of the optima l so lution . 
case 2 (dairy s t eer f eeding ac tivities e xcluded) The qua ntity of 
resources and the dis tribution i s the same for this (arm in both cases 
analyzed here . 
77 
Tab l e 12 . Real activities, value of the program , use of capital a nd 
labor in dis posal by diffe r e nt prices of milk when dairy 
s t eer feeding activities are included; fa rms of 70 hectares 
Real activities in Price of milk in UR$ 
the basis unit .50 1. 00 l. 50 z. oo 2 . 50 3.00 
P05 Flax ha . 17 17 0 0 0 0 
Pll Rye grass " 0 0 6 6 6 6 
Pl2 Sudan g r ass " 0 0 11 11 11 11 
Pl3 Perm. pasture " 8 8 11 11 11 11 
Pl4 " " " 8 8 11 11 11 11 
Pl6 " " " 9 9 1 1 1 2 
Pl? " " hay " 9 9 1 1 1 2 
Pl8 Fert . nat. past . " 24 24 25 25 25 25 
Pl9 Natura 1 pas t. " 4 4 4 4 4 4 
P21 Dair y cattle " 0 0 38 38 38 38 
P22 " " " 33 33 6 6 6 6 
P2 8 Dai r y steer 
feeding kg. 7 , 2 00 7 ,2 00 10,350 10,350 10 , 350 1 0 ,350 
P32 Milk selling 1 t. 47 '428 47 ,428 66 , 340 66,340 66 , 340 66,573 
P35 Hired labor 
J.J.A. hour 0 0 25 25 25 25 
Value of prog r am UR$ 75,736 99,450 128' 02 6 161, 196 194, 366 22 7,550 
Use of op. ca p. " 14 , 361 14,361 16 , 868 l 6 , 868 16, 868 16 ,903 
Use of past. cap . .. 25 , 090 25,090 24, 2 02 24, 202 2 4' 2 02 24 , 085 
Labor in disposal hour 728 728 140 140 140 140 
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All the l and available is used at all milk price levels. The use 
of operating capital changes as milk price increases (Table 13) and goes 
from UR$18,420.00 when milk price i s UR$ . 50 to UR$21,857 . 00 at the 
maximum hypothesized price of milk. Use of pasture capital decreases 
from UR$66,770.00 at the first price of milk to UR$7,620 . 00 at a milk 
price eq ual to UR$3.00. 
There is a considerabl e amount of excess family labor at the f irs t 
milk price level (2,43 3 man hours) but this quantity decreased to 125 
when price of milk is UR$1 . 00 and 1 .50 . At higher prices of milk in-
cluding the last two levels , all the available family labor i s used and 
it is necessary to hire labor. The maximum of hired labor is 988 man 
hours at a milk price equal to UR$3 . 00 . 
No milk is produced when the price is UR$ . 50 but the production i s 
greater than in the fi rst case (dairy steer feeding activities included) 
at all other milk prices. Maximum milk production i s 99, 232 lit~rs at 
prices of UR$2 . 50 and 3 . 00 . This i s less than the maximum r es tric tion 
for this activity . 
Seventeen hectares of flax are planted at the first three milk price 
levels diminishing to 12 hecta res when price of milk is UR$2 . 00 and ze ro 
at gr eater milk prices. 
All calves remaining from rep lacement in dairy cattle a r e sol d but 
meat is produced from beef cattle at the fi r st price of milk. Income in-
creases as the price of milk does and it r eaches a maximum of UR$ 22J , 642 . 00 . 
The main diff e r e nces betwee n the two cases for this farm can be s ummar ized 
as follows : 
Figure 13. Estimated income a nd sources of income excluding dairy 
steer feeding activities at dif fer e nt prices of milk on 
da iry farms of 70 hectares 
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Tabl e 13 . Rea l activities, value of the prog ram, use of capital and l abor 
in disposal by differe nt prices of milk whe n dairy s t eer feed-
ing activiti es are exc lude d; farms of 70 hecta r es 
Real activities in 
t h e bas i s 
POS Flax 
Pll Rye grass 
Pl2 Sudan g rass 
Pl6 Pe rm. pasture 
Pl7 " " hay 
unit 
ha . 
" 
" 
" 
" 
Pl 8 Fert. nat . past. " 
Pl9 Nat . pas ture " 
P21 Dairy cattle " 
P22 " " " 
P25 Beef cattle kg. 
P32 Milk selling lt . 
P33 Dairy calves 
s old head 
P35 Hire d labor 
J . J . A. hour 
P 36 " " 
S. O. N. " 
P37 " " 
M. A.M . " 
Va lue of program UR$ 
Use of op . capital " 
Use of pas t . capital " 
Labor in dispos al hour 
Price of milk in UR$ 
. so 1.00 1 . 5 0 2 . 00 2 .50 3 . 00 
17 17 17 12 0 0 
0 0 0 2 6 6 
0 0 0 3 11 11 
13 1 3 13 12 8 8 
13 13 13 12 8 8 
36 36 36 37 41 41 
4 4 4 4 4 4 
0 0 0 10 38 38 
0 49 49 43 28 28 
49 0 0 0 0 0 
0 70,952 70,952 78,714 99,232 99,232 
0 24 24 27 34 34 
0 49 49 105 252 252 
0 136 136 197 357 357 
0 0 0 13 195 1 95 
44,12 4 53 , 64 0 89 , 122 125,275 174,036 223 , 652 
18 ,42 0 17 , 930 17 , 930 19, 008 2 1, 857 21, 857 
66,770 13,230 13,230 11,690 7,620 7,620 
2 ,433 12 5 125 0 0 0 
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More oper a t i ng capital is us ed in Cas e 2 (dairy steer feedi ng ac-
tivities incl uded ) and l ess pasture capital except whe n the price of mi lk 
as UR$ . SO . Al so more la bor is used in Case 2 . 
Except at t he f irs t milk pr ice l e ve l, more milk is produced in the 
second case. The level of income i s lower in Case 2 . 
Farm 4 (140 hec tares ) 
Case 1 (dairy steer feed ing activit ies included) Capital does not 
constitute a limi ting factor . The use of operating capital increases 
as price of milk increases (Table 14) , whil e pasture capital use behaves 
in the opposit e way . Neither the increase of oper a ting capital nor the 
decr ease of pas ture capital is s i g nificant when the price of milk varies . 
The f irs t type goes from UR$29 ,083 . 00 to UR$31 , 217 . 00 a nd the seco nd f rom 
UR$S0 , 179. 00 to UR$49 , 424. 00 . 
There i s unused family labor at a ll prices of mi lk but dur ing winter 
and spring it was necessary to hire some labor. When the milk price is 
UR$ . SO and 1 . 00 , ther e are 485 ma n hours of family l abor in disposal but 
37 man hours need to be hired dur i ng winte r and spring . At higher milk 
prices the r e are on 181 man hours of excess fami l y labo r and 256 hours 
are hired during the two seasons mentioned a bove . 
Milk production inc r eases as its price increases, r emaining the 
same fo r milk prices hig he r tha n UR$1. 50 . At a mi l k price of UR$ . SO and 
1. 00 , milk production is 94,856 lite r s (Figure 14) . 
Flax i s the o nly g r ain produced on a farm of this size . It uses a ll 
t he tillable land fo r annual c rops when price of milk i s UR$ . SO and 1 . 00 . 
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Table 14 . Real activities, value of the program , use of capital and 
labor in dis posal by diff e r en t prices of milk when dairy 
s t ee r feeding activiti es are incl uded ; farms of 140 hectares 
Real activit i es in 
the basis 
P05 Fla x 
Pll Rye grass 
Pl2 Sudan g r ass 
Pl 3 Perm. pasture 
P14 II II 
Pl6 II tt 
Pl7 II II hay 
Unit 
ha . 
" 
" 
II 
II 
II 
II 
Pl8 Fe rt. nat.past. 11 
Pl9 Nat. pasture 
P21 Dairy cattle 
P22 " tt 
P28 Dairy s t eer 
feeding 
P32 Milk selling 
P35 Hired la bor 
J .J .H. 
P36 II II 
s .o.N. 
II 
" 
II 
kg. 
lb. 
hr. 
hr. 
Price of milk in UR$ 
. so 1 . 00 1 . 50 2 . 00 2 . 50 3 . 00 
35 3 5 21 21 21 21 
0 0 5 5 5 5 
0 0 9 9 9 9 
16 16 19 19 19 19 
16 16 19 19 19 19 
18 18 11 11 11 11 
18 18 11 11 11 11 
4 8 48 49 49 49 49 
7 7 7 7 7 7 
0 0 32 32 32 32 
66 66 42 42 42 42 
32 32 38 38 38 38 
95,856 94 , 856 110 , 957 110,957 110,957 110 , 957 
27 27 145 145 145 145 
10 10 111 111 111 111 
Value of program UR$ 153 ,180 200,608 250 ,602 306,080 361,558 417 , 037 
Use of op . capital II 29,083 29 ,083 3 1, 217 31,217 31 , 217 31,217 
Use of past. capital II 50,179 50,179 49, 424 49 ,424 49,424 49,424 
Labor in disposal hour 485 485 181 181 181 181 
Figure 14. Estimated income and sources of income including dairy 
s t eer feeding activities at diffe rent prices of milk on 
dairy farms of 140 hectares 
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The area used with this grain diminishes to 21 hecta r es at higher prices 
of milk . At that stage the rest of the tillabl e l a nd for annual c rops 
is used by annual pastures . 
All dairy calves remaining after replace ment are fed and so ld as 
dairy steers . So this activity behaves in the same way as milk production 
does . The leve l of income increases as the price of milk increases and 
it r eaches a maximum of UR$41 7 , 037.00 . 
Case 2 (dairy steer feeding activities excluded) The availabil ity 
of resources is the same as in Case 1 (dairy steer feeding activi t ies in-
cluded) for this situation. The optimum plans diff er and so does the 
use of resources. The optimum plans for this type of farms under the 
conditions of this program are limited to two. When the price of milk 
i s UR$ .SO, the r e i s one type of plan and for all the othe r milk pri ce 
leve l s the opt i mum plans are the same as that with milk price equal to 
UR$1 .00 (Figure 15) . 
Use of capital is almost the s ame at all prices of milk . Whe n the 
latter UR$ .SO, UR$37,201 . 00 of operating capital is used a nd diminis hes 
to UR$36,435. 00 a t the next price l eve l. On the other hand , pasture 
capital use does not change when the milk price cha nges , r e maining at a 
level equal t o UR$26,460.00. 
The r e i s some disposabl e family labor at a ll milk price leve ls and 
it is equal to 3 , 857 man hours at the first l evel diminishing to 291 man 
hours at hig her prices (Table 15). No l a bor is hired when the price of 
milk is UR3 .SO and 332 man hours a r e hired a t higher prices . 
Figure 15 . Estimated income and sources of income excluding dairy 
steer feeding activities at different prices of milk 
on dairy farms of 140 hectares 
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/ '\. MEAT FROM BEEF CATTLE 
/ DAIRY CALVES SOLD 
/ FLAX 
.50 1.00 1.50 2 .00 2.50 3 .00 
Price of Milk (pesos) 
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Table 15. Real activities, value of the program, use of capital and labor 
in disposal by different prices of milk when dairy steer feed -
ing activi ties are excluded; farms of 140 hectares 
Real activities in 
the basis 
POS Flax 
Pl6 Perm.past. 
Pl7 Perm.past.hay 
Pl8 Fert.nat.past. 
Pl9 Nat. pasture 
P22 Dairy cattle 
P25 Beef cattle 
P32 Milk selling 
P33 Dairy calves 
sold 
P35 Hired labor 
J.J .A. 
P36 " " 
s.o.N. 
Value of program 
Use of op. capital 
Use of past. capital 
Labor in disposal 
unit . so 1.00 1.50 2 . 00 2 . 50 3 . 00 
ha. 35 35 35 35 35 35 
" 26 26 26 26 26 26 
" 26 26 26 26 26 26 
" 72 72 72 72 72 72 
II 7 7 7 7 7 7 
" 77 77 77 77 77 
kg. 98 21 21 21 21 21 
lt. 110,935 110,935 110,935 110,935 110,935 
head 38 38 38 38 38 
hour 80 80 80 80 80 
hour 2 52 252 252 252 252 
UR$ 90,256 104,811 160,279 215,747 271 , 215 326,682 
II 37,201 36,435 36,435 36 , 435 36 ,435 36 ,435 
II 26,460 26,460 26 ,460 26,460 2 6 , 46 0 2 6 ' 4 6 0 
hour 3' 857 2 91 2 91 2 91 2 91 2 91 
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No milk is produced at a milk price of UR$ . SO and a constant pro-
duction of 110,935 liters is forthcoming at all other prices . Flax uses 
all the tillable land for annual crops at the first milk price level 
where 35 hectares are cultivated . Dairy calves selling activity behaves 
in the same way as milk production. 
When milk price equals UR$ .SO, 11,858 kilograms of meat f rom beef 
cattle is produced yearly. This level decreases to 2 ,541 kilograms at 
higher milk prices. Income increases and reaches a maximum l evel of 
UR$326,682.00. 
The most important differences between Case 1 (dairy s teer feeding 
activities included) and Case 2 (dairy steer feeding activities excluded) 
on farms of this size are: 1) in Case 1 milk production reaches maxi-
mum capacity at a lower price (UR$1.00) than in Case 2; 2) in Case 2 
flax uses all the available tillable land for annual crops under all milk 
prices while in Case 1, all the available tillable land was used only 
at the first two levels of milk prices, 3) meat from beef cattle is 
only produced in Case 2 where dairy steer feeding activities are excluded . 
Farm 5 (275 hectares ) 
Case 1 (dairy steer feeding activities included) As in the other 
situations analyzed in Part II, capital was fixed a t a l evel s uch that 
it does not constitute a limiting factor. UR$63,544 of operating capital 
and UR$79,580.00 of pasture capital is at all milk price levels. 
There a r e 936 hours of unused family labor, but 25 man hours of 
labor are hired in winter and 141 during spring (Table 16, activities 
P35 and P36). 
Figure 16 . Estimated income and sources of income including dairy 
steer feeding activities at different prices of milk on 
dairy farms of 275 hectares 
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Table 16. Real activities, value of the program, use of capital and labor 
in disposal by different prices of milk when dairy s t eer feed-
ing activities are included; farms of 275 hectares 
Real activities in 
the basis 
POS Flax 
Pl3 Perm.pasture 
Pl4 
Pl6 
Pl7 
Pl8 
Pl9 
P22 
P25 
P28 
It It 
" It 
It " hay 
Fert . nat . past. 
Nat . pasture 
Dairy cattle 
Beef cattle 
Dairy steer 
feeding 
P32 Milk selling 
P35 Hired labor 
J . J.A. 
P36 It It 
S. O. N. 
Value of program 
Use of op.capital 
Use of past.capital 
Price of milk in UR$ 
unit . so 1 . 00 1 . 50 2 . 00 2 . 50 3 . 00 
ha. 69 69 69 69 69 69 
It 19 19 19 19 19 19 
It 19 19 19 19 19 19 
It 42 42 42 42 42 42 
It 42 42 42 42 42 42 
II 112 112 112 112 112 112 
It 14 14 14 14 14 14 
It 77 77 77 77 77 77 
kg . 9,317 9,317 9,317 9 ,317 9 ,31 7 9,317 
It 17,000 17,000 17,000 17 , 000 17 , 000 17 ' 000 
lt. 110,935 110,935 110,935 110,935 11 0 , 935 110,935 
hour 26 26 26 26 26 26 
It 141 141 141 141 141 141 
UR$ 250,299 305 , 766 361 , 239 416 , 234 472,17 0 527 , 637 
It 63,549 63,544 63,544 63 , 544 63 , 544 63 , 544 
It 79,580 79 , 580 79,580 79 , 580 79,580 79,580 
Labor in disposal hour 936 936 936 936 936 936 
94 
Optimum plans are the same at all milk price l eve l s a nd the rea l 
activities (final products) are : milk, flax and meat. The production of 
milk is at a constant level of 110,935 liters for all the price s ituations . 
Seventeen thousand kilograms of meat is produced from feeding dairy steers 
and 9 , 317 kilograms from bee f cattle (Figure 16) . The leve l of income 
incre ases as the milk price increases and r eaches a maximum of UR$527 , 637 . 00 . 
Case 2 (dairy steer feeding activities excluded) In this case 
the farm has the same resources as in Case 1 (dairy s teer feedi ng ac-
tivities included) . The use of operating capital is the same at a ll 
prices of milk and pasture capital us e decreases from UR$62,72 8 . 00 to 
UR$59,982 . 00 beyond the fir s t price level (Table 17) . 
All the tillable land for annual crops is used with flax at all prices 
of milk assumed. There is some family l abor in dis posal in a ll t he 
optimum plans unused labor equals 4,753 hours whe n the price of milk i s 
UR$ . SO and 1,08 9 hours at higher prices . Two hundred thirty three man 
hours of labor are hired in the spring when the price of milk is UR$1 . 00 
of greater . 
Two optimum plans are pos sible when activities P28 and P2 9 (fe eding 
dairy steers) are excluded from the program: one of them is without pro-
duction of milk at the first price level. In this case all the r es ources 
are used in producing flax and meat . The other plan remains the same at 
milk price greater or equal to UR$1 . 00 . At this price of milk, production 
i s originated from milk, flax and beeE from beef ca ttle (Figure 17). 
The main diffe r ence in the two cases analyzed he re i s tha t i11 Case 2 
(dairy s teer f eeding activities e xcluded), milk i s not produced wh e n its 
Figure 17. Estimated income and sources of income excluding dairy 
steer feeding activities at different prices of milk 
and dairy farms of 275 hectares 
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Table 17 . Real activities , value of the progr am , use of capital and labor 
i n disposal by different pr ices of milk whe n dairy stee r feed-
ing act i vit i es a r e excluded ; fa rms of 275 hectares 
Real ac t ivities in Pr ice of milk i n UR$ 
the basis unit . so 1.00 1.50 2 . 00 2 . 50 3 . 00 
P05 Flax ha . 69 69 69 69 69 69 
PlS Per m. pasture " 15 11 11 11 11 11 
Pl6 II " " 48 49 49 49 49 49 
Pl7 Perm . past. hay II 48 49 49 49 49 49 
Pl8 Fert . na t. past. II 12 9 132 132 132 132 132 
Pl9 Nat . pastur e II 14 14 14 14 14 14 
P22 Dairy cattle " 0 77 77 77 77 77 
P24 Beef cattle kg . 7 6 6 6 6 6 
P25 " " " 177 104 104 104 104 104 
P32 Milk selling l t. 0 110 , 935 110 , 935 110 , 935 110,935 ll0 , 935 
P33 Dairy calves 
sold head 0 38 38 38 38 38 
P36 Hired labor 
s .o.N. hou r 0 233 233 233 233 233 
P39 Silage ha . 7 6 6 6 6 6 
Value of pr ogram UR$ 176 , 543 192' 17 8 247 , 646 303,11 358 , 581 4l4,049 
Use of op. capital " 7 o, 000 70,000 70 , 000 70,000 70 , 000 70,000 
Use of past . capital " 62 , 728 5 9' 982 59' 982 59' 982 59 , 982 59 ' 982 
Labor in disposal hour 4 , 753 1 , 089 1 , 089 1, 089 1 , 089 1 , 089 
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price is UR$ . SO . 
Estimated Aggregate Normative Supply of Milk 
Figure 18, Part A represents the normative aggregate supply of milk 
of the area under study when operating capital available changes from 
0 to UR$80,000.00 and pasture capital from 0 to UR$70,000.00 . 
At the diff e rent levels of capital assumed, all the other factors, 
prices and input-output coefficients were held constant. The resulting 
curve indicates that the s upply of milk i s highly elastic at levels of 
capital below UR$30,000.00 of operating capital and UR$20,000 . 00 of 
pasture capital and completely inelastic at higher levels of capital . 
Maximum s upply of milk is 66 million liters yearly which is equiva-
lent to 180,832 liters per day. 
Part B of Figure 18 indicates the normative aggregate supply of milk 
in relation to changes in the price of milk. The dotted line r epresents 
Case 1 in Part II of the analysis of results whe re dairy steer feeding 
activities (P28 and P29) were included in the program. The continuous 
line represents Case 2 in Part II, where activities P28 and P29 we r e not 
included. In both cases the supply is elastic at law prices of milk and 
becomes quite inel astic when the price of milk reaches UR$1.00. 
It can be seen also, that when the price of milk is UR$ .SO, dairy 
activity comes into the solution as an input for dairy steer feeding ac-
tivities but when price of milk is equal or greater than UR$1.00 total 
production is greater whe n farms do not have the alternative of feeding 
dairy steers. 
Figure 18 . Es timate d aggregate norma t ive s upply of milk 
A - Case I, diffe re nt l eve l s of capital 
B - Case II, different prices of milk 
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In accordance with the situation analyzed in this study the level 
of milk production i s affected more by alternative enterprises and price 
of milk than by the level of capital available. 
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SUMMARY 
Description: The main objectives of this study are to investigate 
the optimum organization of dairy farms of the a r ea of Tarariras , Uruguay , 
and to de termine shifts in the aggregate normative s upply of milk in the 
a rea as the amount of operating and pas ture capital changes and as the 
price of milk va ries . 
The g roup of farms unde r study inc ludes all those with a dairy ac-
tivity at a comme rcial level distant no more than SO ki l ometers f rom the 
town of Tarariras (center of the a r ea ). The fa rms have to be located no 
more than three kilome t e r s f r om an al l weathe r r oad . 
Once listed, the farms, ranging f rom 1 to 350 hectares , were divided 
into five diffe r ent sized groups . One farm was selected f r om each of the 
size groups to approximate the mode of each g roup r epresenting all other 
farms within it. Thus , five typical fa rms are analyzed unde r the s itua-
tions described above . 
Although the level of technology applied on farms in the area is high 
when compared with othe r parts of the country, it lags far behind that 
recommended by the extension service . 
It is not the goal of this study to propose a compl ete change in t he 
i mprovements a nd management organization of these fa rms , bu t to introduce 
to some ext ent the r esults obtained in the agricultural experimental 
s tation of the area (Ce ntro de Inves tigaciones Agricolas "Albe r to Boe rger") 
and find the optimum plans under these assumptions. 
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If, as a result, dairy production is increased, new markets will 
have to be explored . To this e nd it will be necessary t o present uniform 
products , and this will require t hat processing be concent r ated in one 
or more plants instead of being at the farm l evel which i s the present 
practice . 
Input-output coefficients used in t his s tudy we r e prepa r ed in Uruguay 
originally to be used i n budge ting and sys t ematic budgeting . However, 
they were adapted for use in linear programming in this study . Other 
basic information was take n from the general agricultura l census , l ocal 
surveys , and unpublished data at the experimental station in the area . 
The analysis was divided in two pa rts . In Part I the five typical 
farms were analyzed by means of parametric linea r pr og ramming on capital 
coe fficients, thus finding the optimum plans fo r each farm under each 
capital situation. In Part II the same five typical fa r ms we r e again 
analyzed using parametric linear prog ramming on the milk price coeffi-
cient ; besides, the plant for each farm was optimized unde r two different 
situations, the first one including dairy steer feeding activitie s and 
the second one excluding it. 
Principal conclusions : The principal conclusions r es u l ting from this 
study are: 1) Aggregate normative s upply of milk is completely capital 
inelastic when levels of capital are increased beyond UR$30, 000. 00 of 
ope r a ting capital and UR$20,000 . 00 of pasture capital . 2) Wh en including 
dairy s teer feeding activities, milk e nters the optimum plan at all the 
milk prices hypothesized in the s tudy. But, when dairy s tee r feed ing ac-
tivities are e xcluded, no milk is produced at the lCMest price level 
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(UR$ . SO). This means that in the first situation (UR% . SO price with 
dairy steer feeding activities) milk production did not enter the optimum 
plan on its own merits, but only because of its physical association 
(joint products) with dairy steer feeding activities . 3) At the 1966 
price of milk and with no operating and pasture capital r estraint , the 
maximum production of milk is 66 million liters annually . 
Under changing milk prices, no capital restriction, and including 
dairy steer feeding activities, the maximum production of milk happens 
at the UR$3 . 00 price reaching 70 million liters; but if dairy steer feed-
ing activities are excluded, a maximum yearly mi l k production of 80 
million liters is reached at UR$2.SO milk prices . 
4) At the prices prevailing in 1966, all the fa rms would produce 
milk and feed dairy steers for beef production at all levels of operating 
and pasture capital hypothes ized in this study. 
S) Wheat and flax are the only grains appearing consistently in 
the optimum plans. But since whea t and f lax are both winter crops, some 
summer grains (sun flower or corn) should be included in the rotation if 
it is important to avoid risk, especially among small farms . 
6) The conservation practices imposed in this study do not prevent a 
reasonably high level of income in all types of farms considered. 
7) For the range of enterprises considered in this study, farms of 
2S hectares are too small in size, because their optimum plans do not 
provide enough income for the family requirements , land being the only 
limiting factor. A s uggested solution is to enlarge their farms or divert 
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them to more intens ive activities . 
Limitations : 1) Prices used for all products were those of l9ob, 
the year in which the Ei eld information was collected . 2) The sources 
of data (census, local s urveys , and expe rimental r esearch ) c ove r only 
certain a s pects of the problem on certain sect ions of the a r ea . There-
fore, it was necessary to generalize local data and to approx imate coef-
ficients in those few instances where accurate inf o r mat i on was not avail-
able. In those instances the alternative lay between poor da ta on one 
hand and no data at all on the other. 
These two limi tations imply that the res ults of this study s hould 
be cautiously accepted. They mi ght not be conclus i ons of i ndisputable 
validity , but they certainly expr ess the much needed clear direct ions which 
optimizing policies of production should follow in the f uture . 
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APPENDIX A; EXPLANATION OF THE UNIT FOR DAIRY AND BEEF 
CATI'LE ACTIVITIES 
The unit chosen for dairy activities is one he ctare , and there a r e 
two reasons for this election: 1) The differentiating e l ement among the 
various dairy activities is the feeding plan. Each feeding plan is 
characterized by a peculiar combination of the pastures produced . There-
fore it seemed logical to choose one hectare (a pasture surface measure) 
as the unit of dairy activities. 2) The data used in this s tudy we re ob-
tained in order to prepare systematic budgeting (program planning) for 
the farms of the area. Obviously, all the information ref e rred to the 
same unit, which in this case wa s one hectare. To transform the data 
from per-hectare to per-cow (or per-any other unit) of dairy activity, 
could easily lead to rounding or computational e rrors . 
The input-output coefficients for e ach hectare of dairy activities 
were computed through the following five s teps : 
1) A typical size dairy he rd was established on the basis of the 
maximum dairy cows which can be managed by one man. This typical dairy 
herd consists of 38 cows of which 253 are dry and 753 are producing. 
Beside the cows, the he rd also contains calves for dairy r e placement pur-
poses only (calves for steer purposes are already included in their r e -
spect ive activities) . 
2 ) The feed r equirements for the typical he rd (cows and calves) 
we r e computed in t e rms of kilograms of dry matter per year. The require-
me nts we r e then divided into the number of cows (both production and 
dry), thus obtaining the dry matter needs per cow. 
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3) The minerals and grain s upplement requirements per cow were de -
termined in the same way as the dry matter requi r ements . 
4) For each feeding plan (pastures combination) the yearly produc-
tion of dry matter was calculated . Then a ratio as f ollows was established: 
(DM ) . 
p 1. 
D~ 
i 
R 
D~ 
DMr 
-
-
-
= 
1 to 4, feeding plans 
cows-per hectare ratio 
kilograms of dry matter 
produced per year 
kilograms of dry matte r re-
quired per year per cow 
The ratio Ri gives the feeding capacity of one hectare of the feed-
ing plan under consideration. 
5) The linear programming coefficie nts for the dairy activities 
were the n computed for each unit of activity, name ly one hectar e, t aking 
into account the feeding capacity of one hectare in each feeding pla n . 
The same criteria were used to determine beef cattle activities . 
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APPENDIX B: LINEAR PR<X;RAMMING MATRIX 
Figure 19 . Linear programming matrix 
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